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ABSTRACT 


Part I of the thesis describes an examination 
of the metabolites of the bird's nest fungus Mycocalia 
reticulata Petch. The bicyclofarnesane sesquiterpenes 
7-ketodihydrodrimenin (1), 78-hydroxydihydrodrimenin (2); 
and 6a,/8-dihydroxydihydrodrimenin (3) have been isolated 


and characterized. These compounds have not been obtained 


peace 


[re 
[Nw 


previously from natural sources, although 1 and 2 are 
known transformation products of other natural products. 
Compound 3 is new, and its structure was established by 
physical methods. The known triterpenoid glochidone, 
B-sitosterol, and ergosterol were also isolated as well 
as several previously undescribed acidic metabolites. 
One of these has tentatively been assigned the coumarin 
structure 4. A sesquiterpenoid acid has been isolated 
as its methyl ester and has been identified as the 
diosphenol 5. Preliminary characterization of several 


new triterpenoid acids is reported. 
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The second part of the thesis describes a 
synthetic approach to the bicyclofarnesane sesquiterpenes. 
Employing a Diels-Alder reaction as the key step, we hoped 
to achieve efficient syntheses of the potent army worm 
antifeedant warburganal (6) as well as the bicyclofarnesane 
Factones 1, 2, and 3 isolated irom) M.) reticulata. 

The third part of the thesis describes the 
Syntheses anda 13 amr study of (+)-geosmin and related 
10-methyldecalols. An examination of an interesting 


13 om spectra of these 


Y-substituent effect in the 
compounds is presented. In decalol systems it was found 

that hydroxyl substituents Aeenield antiperiplanar carbons 
by as much as 6 ppm when bonded through fully substituted 


carbons. Methyl substituents were also found to deshield 


antiperiplanar carbons but to a lesser extent. 
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I;. METABOLITES (OF: THE BIRD'S NEST FUNGUS 


MYCOCALIA RETICULATA* 
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Anyone may become impatient if asked, 
COOLOLten, 'to.explain thatsubird’s nest. fungi 
have never been found in bird's nests and have 
nething,-at all) to,do with.bird's,nest soup. 


The first encounter with a member of the 
gasteromycete fungi known as the Nidulariaceae 
or bird's nest fungi usually engenders in the 
mind of the observer, a feeling of delight 
and wonder: delight certainly, because of the 
symmetry and artistic form of the small vase- 
shaped or bell-shaped fruit bodies; wonder 
probably if the observer is at all curious 
as to why the little cups should be filled 
with small lentil-shaped bodies resembling 
seeds. The whole fruit body bears a general 
resemblance to a miniature bird's nest 
containing eggs, whence the common English 
name bird's nest fungi. The Latin name for 
the family to which these fungi belong is 
Nidulariaceae, which is derived from nidula, 
meaning a little nest. 2 


Liquid cultures of the small bird's nest fungi 
produce a variety of interesting compounds. For example, 
Cyathus helenae Brodie> produces the novel diterpenoid 


cyathin A. (1). A degraded eudesmane sesquiterpenoid 


3 
eee 
cybullol (2)"~has been 1ssolated trom C. bulleri Brodie, 


: : 5 
and a new xanthone 3 from ce intermedius. 
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Mycocalia reticulata Petch, ° a tropical and sub- 
tropical species,of the bird's nest fungi family, was 
first: discovered in Ceylonjin 1919 by Petch.,. It has 
also been found in France and the southern United States. 

Part I of the thesis describes an examination of 
cultures Of M.: reticulata in <a Search for interesting 
metabolites. 

Me reticulata was) guown in)’ still surface’) culture 
on a liquid medium and the culture broth was extracted 
with ethyl acetate. The crude extract was originally 
partitioned between several solvents, including base 
and acid separation. Only one compound, assigned 
coumarin structure 4 was isolated from these fractions. 
The mixtures of components appeared to be very complex. 
Subsequently, the crude extract was separated only into 
acidic and neutral fractions. The neutral fraction 
yielded drimanes 5; 6a, and /a, the triterpenoid 
glochidone (8), and f-sitosterol (9). The acidic 
fraction gave various triterpenoid acids and a sesqui- 
terpenoid acid isolated as its methyl ester and suggested 
to have structure 10. It was also noted that the 


mycelia of M. reticulata contained ergosterol (2T).. 
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Pier crude euhyl acetatevextract. of M. reticulata 
contained a complex mixture of many compounds as evidenced 
By eine layer chromatography m(tlcey. “In an attempt to 
facilitate the isolation of individual components, the 
crude extract was first partitioned between various 
solvents. The crude extract was dissolved in 80% aqueous 
methanol and partitioned with Skellysolve B and then 
toluene. The remaining aqueous methanol layer was con- 
centrated and then separated into acidic, basic, and 
neutral fractions. We thus had five fractions: 
Skellysolve B, toluene, acidic, basic, and neutral. The 
bulk of the material was contained in the toluene and 
neutral fractions whereas the basic fraction was negli- 
gible. 

The Skellysolve B fraction was examined first. Pre- 
parative tlc (ptlc) gave a small amount of a highly uv 
active substance. The molecular formula was determined 
by high resolution mass spectrometry (hrms) to be 
C,H,,0,- The ir spectrum showed hydroxyl (3520 cm 1), 
carbonyl (1700), and aromatic absorptions (1590, 1500). 
The proton magnetic resonance (tumr) spectrum exhibited 
aromaticysignals: at. 6/62 sieo5, 0 and. 6.92 with a coupling 


pattern indicative of a 1,2,4-trisubstituted benzene 


derivative. In addition, there are signals in the  Hmr 
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corresponding to an O-isopentenyl moiety: a multiplet 

ac os.48¢lH)'; a-broad@doubret-at-4.52° (2H); and > two 
broad singlets at “1.80 (3h) and $1.76 (3H). A methyl 
ether singlet also occurs at 63.88. The uv spectrum 

has favsCrption Maxima ‘ac #220, 255, 1290, and 364 nm. | From 
the above data we proposed a 3,4,7-trisubstituted 


coumarin 12, where the substituents may be -CH sah 


3 


OG ~CH,-CH=C (CH,), with no particular order intended. 


in natune, coumarins witnwO=supstatuents, at C-7 are vmuch 
more common than ones with O-substituents at aia! Hence 
Enemsubsticuti on vinyl Zadsepeacedyat, GC-/ rather than’ C-6. 
The hydroxyl group .'s placed at’ C-4 for two reasons. A 
base-induced uv shiftof the 364 nm band would be expected 
EOr a, C-J inyaroxy l, -ObuG nOssiaitteis Observed. Hydroxy! 
substitution at C-3 would show intra-molecularly hydrogen- 


bonded hydroxyl absorption in the ir, however none is ob- 


served. Thus the methoxy and O-isopentenyl groups must be 
LOCeceq. aviC-/ and C-o \norworder indended).) (Note: that a 
a 


methoxy group at C-4 in related systems exhibits a “Hmr 


Signal at ae aad unlike that observed here.) Therefore, 
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the isolated compound is tentatively assigned structure 


ison ere AielU yesitipossibhe that dilute acid May hydrolyze 


OH 


H 
3 14 


the C-3 group, thus providing a means to distinguish 13 
from 14. However this experiment was not possible due to 
the small amount of sample available. 

The other components in the Skellysolve B fraction 
were isolated in only very small amounts and could not 
be identified. 

Isolation of the components from the toluene, 
acidic, and neutral fractions proved, to be very dif£icult 
due to the complex mixture of compounds. Repeated ptic 
provided no pure compounds of sufficient quantity to be 
analysed. The spectral data obtained from the attempted 
purifications indicated that many of the same compounds 
existed in more than one fraction. The dilution of 
particular compounds into more than one fraction made 
the isolation particularly difficult. Consequently the 
crude extracts were separated into only acidic and 


neutral fractions. Examination of the neutral fraction 
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will be discussed first followed by a discussion of 
Lhe raclaLre seractulon'. 

Preparative tlc of the neutral fraction gave three 
major components. Crystallization of the least polar 
(highest Re value) component gave needle-like crystals, 
mp 120-122°. The molecular formula, SES OnY together 
with the Lame spectrum suggested a sesquiterpenoid 
structure. The Lime spectrum exhibits three methyl 
Singlets; two as overlapping signals at 60.91 and one 
at 0.85. The ir spectrum shows carbonyl absorptions at 
7/0 and a p25 crimes characteristic of a y-lactone and 
a ketone respectively, thereby accounting for the three 
oxygens present in the molecular formula. Consideration 
of the above data dictates that the carbon skeleton 
must be at most bicyclic and contains three tertiary 
methyls. Furthermore, the mass spectrum shows a 


prominent peak at m/e 137 (C ). An m/e 137 fragment 


Noa, 


Li es, characteristic Of higher terpenes containing the 


LS 16 Asi, 


* . 
The composition of all molecules and fragment ions 


reported in Part I of this thesis were determined by hrms. 
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bicyclic system 159 which fragments Viasl6ov. Of «thesknown 
10 ; 

sesquiterpenes, only the bicyclofarnesane (drimane) 

class 18 satisfy the above criteria. In addition, some 


are known to contain a y-lactone moiety at C-ll or 


bere 
Ca i2. After careful consideration of the spectral 
data, we proposed 7-ketodihydrodrimenin (52 as the 
Structure. 


18 5 


The Tim spectrum (see Figure 7B) 8 shows a two 
proton multiplet at 64.45 corresponding to the AB 
portion of an ABX system. This signal is assigned to 
tire protons at C- 12." Thee portion (03.28) >ofthe ABX 
system exists as a broad 8-line multiplet being further 
coupled: to-a doublet: at’ 622702" The isignals at 63.28 
and 2.70 correspond to» thevC—8_ and" C-9" ‘protons; Bespec= 
tively. The C-9 proton doublet (J = 12.5 Hz) indicates 
a trans-diaxial vicinal coupling to the C-8 proton, 
compatible with the trans-fused lactone in 5. Proton 


* 
Compound 5 is named according to Wenkert and 


Strike.12 


T spectra are shown as figures in the appendix. 
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decoupling experiments support all the above assignments. 
. . x 
Crystalline metabolite 5 proved to be identical 


Wath a. conversion, product prepared from ugandensolide (19) 


by Brooks and Draffan?+4 and also assigned structure 5./ 


Thus the structure and absolute configuration of 7- 
ketodihydrodrimenin is shown as 5. 
The second: ptlc component) (more polar than 5) was 


recrystallized to give fine needles, mp 157-158°. 


* 

The compounds are identical with respect to ir, Bite, 
ms, Optical) rotation, tle, mp, and mmp. The authentic 
sample was kindly provided by Prof. C.J.W. Brooks. 

Myeyas and Draffan name 7-ketodihydrodrimenin (5) 
as dihydro-oxoisodrimenin following the convention of 
Appel et al.ll¢ who first prepared compound 5, but assigned 
the C-8 epimeric structure 20, the expected zinc/acetic 
acid reduction product from 21. Brooks and Draffan later 


10] OQ 


H H 

20 21 
suggested structure 5 based on a lumr decoupling experiment 
indicating a large coupling constant (12.5 Hz) between the 
protons at C-8 and C-9. Presumably compound 20, under the 


reaction conditions, had undergone epimerization at C-8, 
relieving 1,3-diaxial interactions. 
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Its spectral properties (ir, limr, ms) indicated a 
sesquiterpenoid related to 5. The mass spectrum revealed 


the molecular formula, C1545 493 and prominent fragment 


Deaks “characteristic Of the ring A. (Cc ) and lactone 


1087 


cc 05) POLtTOnS in 5.) iievar spectrum indicates a 


als 
Peetone cacbony © (1765 ane aihnyaroxy | function 

(36107, (3520 Sie ae and the absence of ketone absorption. 
We therefore believed the C1585 493 alcohol to be a 
dinhydrodrimenin sesquiterpene 22 with a hydroxyl] function 


located at either C-6 or C-7. Jones' oxidation of the 
apecnole gave 7/-kerodihydrodrmmenin, (5)i0 ) Therefore: the 


alcohol is formulated as 7-hydroxydihydrodrimenin 


(Oa, e=/ stereochemistry moulantended) . 
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The tmx spectrum (see Figure 2) was assigned with 
the aid of proton decoupling experiments. The signal fOr 
the C-7 proton appears as a broad multiplet at 64.11 


partially overlapping the multiplet for the C-1l2 protons 
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2 
at 64.29. Acetylation of 7-hydroxydihydrodrimenin (6a) 
gave /-acetoxydihydrodrimenin (6b) with the C-7 proton 
Signal now appearing at 65.12 as a broad 8-line multiplet 
(Wy = 26 Hz) (see Figure 3). The nature of the C-7 
proton multiplet is best explained as arising from an 
axial proton coupled to an equatorial proton (C-6 a-proton) 
anauvtwoO axial protons, (C—6)"G—-proton and C-8 proton) .) The 
second metabolite is therefore identified as 78-hydroxy- 
dihydrodrimenin (6a), with the absolute stereochemistry 
ag indicated. It was later, learned that 6a is a synthetic 
intermediate to some drimanic sesquiterpenes.1* The 
synthetic and naturally occurring compounds 6a were 
Zaentical. as compared by. (tle, sn, Taumr, ms, and optical 
rotation. 

The third and most polar major component was a low 
melting solid (43-45°) with a molecular formula of 
C5 Ho 4g: Comparison of its ir, eS, and mass spectra 
with those of 5 and 6a suggested that the third component 
is also a drimanic lactone. The ir spectrum shows an 
absorption at 1765 cmt; the mass spectrum has a strong 
CHO, peak; and the Lime spectrum (see Figure 4) exhibits 
mMurtiptets at 64.32 "(2H se. (1H)y and) 2.26 (1H); all 
characteristic of the yY-lactone moiety in these compounds. 


* . 
The authentic sample was kindly provided by Professor 


E. Wenkert. 
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The mass spectrum does not however, show a CioFi7 peak, 
but a C3941 7° peak, possibly due to a hydroxyl substituted 
fragment,17. \Since the 1 me spectrum displays three 
tertiary methyls;, the hydroxyl:group. must be located 

ee ertner<C— banG—-27)C-3)7) Orme-oe) The irespectrum ishows 
hydroxyl absorption at 3580 and 3430 Givin consistent 
With the above hypothesis. Assuming a dihydrodrimenin 
skeleton i227 nthe molecutan itormmulasdictates tthaticthe 
fourth oxygen is another hydroxyl group. The other 
byGroxybecunctronaus mot located wat. iC-heto 'C-64 since the 
Ci 0#17° mass «fragment 17 contains only one. oxygen. The 
C,H,O. lactone fragment and the eine Signals for the 
Ryduogens satwiG-o)>(6 3416) 7 i694 (2222 6), “andiiG-1.2 (4232) 
indicate, that the tadditaonal hydzoxy)l group as not,.aepart 
of the y-lactone system. It is therefore located at C-7. 
The diol was assigned the structure 6a, 78-dihydroxydi- 


hydrodrimeniiniy(/a),7 afterccharacterization as wuts diacetate 


derivative 7b, as described below. 
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Trearment of the diol with) acetic anhydrirde/pyridine 
gave a di-O-acetyl compound as shown by ms, in, and 
imspectralvwdata. “The pie spectrum (see Figure 5) shows 
that the two protons (63.88) geminal to hydroxyl groups 
in the diol have shifted downfield in the diacetate to 
65.57 and 5.15, now being geminal to O-acetyl groups. 
Bach, multiplet exists as a doublet of a doublet, mutually 
coupled by 9Hz. The coupling, constant’ is typical ‘of 
vicinally coupled trans-diaxial protons. It was 
established earlier that in the diol, one hydroxyl group 
is at C-7. The diacetate derivative therefore has acetyl 
Groups at) ¢=7 and: C-6, -andvin a diequatorial relationship< 
Thus the structure is assigned as 6a, 78-diacetoxydihydro- 
drimenin (7b). Although the absolute configuration of 
diol 7a was not determined, biogenetic considerations 
Suggest that the absolute configuration of 7a is the same 
as the previous two metabolites, 5 and 6a. The absolute 
structure of 7a is then 6a,78-dihydroxydihydrodrimenin. 

Chemical conversion of the previously undescribed 
diol 7a to drimenin (24) or isodrimenin (25) via compound 


: 3 
23 was attempted using activated titanium. However, 


rae Lim assignments for diacetate 7b are supported 
by the appropriate decoupling experiments. 
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this was unsuccessful as neither 2a pion NO 129 Could ibe 
Peentreied.atter),the.reactions) *Reaction..of./7a with 
N,N'-thiocarbonyldiimidazole yielded only unidentified 
products. Hence formation of Poacoula not be attempted 
using this method. Due to the small amounts of diol 
fa available; we.were unable to, pursue, further reactions 
and hence a direct chemical correlation with a known 
compound could not be effected. 

Sesquiterpenes of the bicyclofarnesane skeleton 18 


Mi Bop Bt 


are found) predominantly in trees and shrubs, however 


they are also known in Hee ere lavertert on and 
water-pepper?® plants. With the exception of a few 


fae ES er 
metabolites of Penicillium fungi, bicyclofarnesane 


sesquiterpenes are confined to higher plants. This is 


1 


16 


only the third report of these rare fungal metabolites. 
The bicyclofarnesane skeleton is present in most 

di- and triterpenes, however was not known in sesquiter- 

penes until 1954 when Djerassi and co-workers7? discovered 

iresin (27), the long-sought after 'missing link' between 


lower and higher terpenes. However, iresin 


CH50H 


HO~ ‘oH i} 
\ H 
CHj0H 
27 28 


—oo 


possessed the opposite absolute configuration to the 
steroids and higher terpenes. +14 The structure of 
drimenol (28) was elucidated by Brooks and Overton*+ in 
1957 and constituted the first sesquiterpene containing 
both the skeletal structure and the absolute configuration 
of the higher terpenes. The biogenetic significance of 
this class of sesquiterpenes is further enhanced by our 
discovery of bicyclofarnesane sesquiterpenes, triterpenes, 
and steroids from the same source. Together with the 
dihydrodrimenin sesquiterpenes 5, 6a, and 7a, the culture 


2 
broth of M. reticulata also yielded glochidone (8) 2 and 


B-sitosterol (9). 
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In addition to the above metabolites, chromatography 


of the neutral fraction also gave small quantities of aro- 


Matic compounds, all with the molecular formula C5 5H, 50- 


Their}ir spectra showed hydroxyl absorption. The loom 


Spectra of these compounds all exhibited methyl doublets 
(J = 7 HZ) at 61.6 and the corresponding quartet at 
64.1 - 4.4. The aromatic protons observed occur in the 
region 66.6 - 7.5. The uv spectrum of one compound shows 
a maximum at 276 nm while the other component shows a 
maximum at 285 with a shoulder at 306 nm. These aromatic 
components were not identified. 
An examination of the acidic fraction from the 
eultuneyoroth "of Mivneticulatayas presented )below. 
Preliminary separation of the components of the 
acidic fraction was carried out by column chromatography. 
Three main fractions 1, 2, and 3 respectively were 
examined in order of increasing polarity. From the least 
polan fraction l,ca smalifamount,ofycrystals,; mp 269-273" 
were isolated by recrystallization from acetone/pentane. 
High resolution ms indicated a molecular formula of 
C1 545793: The ir spectrum shows hydroxyl (3500, 
FAG 023 ddtcine hnicdnd y Gator Toa DaOe miami cai) 
absorptrons. | The Liam spectrum exhibits at least 5 


methyl singlets (61.34, 1.08, 0.91, 0. 86>. rand0/285) 
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which is not compatible with the above molecular formula 
suggestive of a sesquiterpenoid. Chemical ionization 


(NH,) ms gave an M+18 peak of 518, more compatible with 


the dimer and 10 data. 

Treatment of the fraction 1 metabolite with excess 
diazomethane yielded a monomethyl ester triterpenoid 
with the molecular formula O33 846% ° The ir spectrum 
Shows Canbonyl apsorption® (i735, 1700 cm +) and possibly 
hydroxyl absorption (3550 en ye The Limr spectrum 
exhibits one methyl ester singlet and at least 5 tertiary 
methyl singlets. The 13 mr indicates a ketonic carbon 
(204.8 ppm) and an ester carbon (168.5 ppm). Attempts 
to acetylate the monomethyl ester with acetic 
anhydride/pyridine were unsuccessful. 

Fraction 2 gave a precipitate which decomposed at 
270-274°. The molecular formula C3944 4% was obtained 


by hrms. The ir spectrum shows hydroxyl absorption 


(3450, 2300-3300 cm ~ 


}prand bands at 1735, 12705, ana 
TooU cnt Separation of the components from this 
fraction was best achieved after esterification of 
fraction 2 with diazomethane. Preparative tlc of the 
esterified products yielded two compounds with molecular 
formulas Ci 6 Ho 4% and C35H4Q%- 


The latter compound was recrystallized from methanol 


to give star-shaped crystals, mp 177-182°. The ir 
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Spectrum Shows Dandssatuc450721730) 1720,11680¢eand 
Nepceanes Se indoublethof doublenhso(dc 19) 24 ,Hanvat 64.35 
in the 1 mr spectrum (see Figure 6) collapses to a 


doublet (J = 13 Hz) on D,O exchange. Two methyl ester 


Z 
Singletswat 0347/8) and 3.7) partiallysconcealla multiplet 
at 63.7. A broad singlet appears at 63.47 and methyl 
sangketseatyvoi. 29} 51.207  1lelosandybal3 (3) eh aThe suv 
Spectrum shows a band at 278 nm. 

Treatment of the dimethyl ester’ from fraction 2 with 
acetic anhydride/pyridine yielded the corresponding 
diacetate as shown by ms and Lamr (see Figure 7). The 
Original doublet of doublets at 64.35 has now shifted 
downfield to a doublet at 65.35 (J = 13 Hz). These 
observations can be accounted for by the presence of an 
alivilie alcohol \in sthe original *metabolites The ir 
spectrum appears to show some hydroxyl absorption 
(3550 cm +) together with bands at 1735, 1695, and 
1665 cma. The uv now absorbs at a shorter wavelength 
of 244 nm. The ir and uv data accumulated support a 


diosphenol structure 29 in the original metabolite. 
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The C1 6H 244 compound isolated from the esterifi- 
Gaculoneon.iraction 2 hasiixr absorption (3430, 1690, and 
1660 cm +) characteristic of a diosphenol (see Figure 8). 
Moreover, the uv spectrum shows an absorption maximum 

at 273 nm, supporting this hypothesis. The ir spectrum 
atso Contains “a.0l735 one band, consistent with the 

methyl ester singlet (63.72) observed in the 1 me spectrum 
(see Figure 9). The Lime spectrum exhibits 3 methyl 
Singlets and a low field methyl doublet (61.80, J = 2 Hz) 
coupled” tovatcquarteteateosss0nGin, dit=o2.HZ) ao After 
consideration of the spectral data, structure: 1l0;is 
postulated. The 61.80 doublet is assigned to the C-12 
vinyl methyl which is coupled to the proton at C-9 
($3.40). The mass spectrum of the compound contains the 


O; (n/eelS kh). and .C (m/e 123) fragments as 


CioHis gts 


indicated in structure 10. Acetylation of 10 was 


ght : : 
Hmr decoupling studies confirm that the signals 
at 63.40 and 1.80 are mutually coupled. 
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unsuccessful due to the small amount of the compound 
available. 

tTeomost polar fraction wiswas subjected: to: ptic. 
However, the components could not be separated cleanly. 
Treatment of fraction 3 with diazomethane, followed by 
ptlc enabled the purification of a small amount of 
triterpenoid diester with the molecular formula 
C,5H,,0,- The ir spectrum shows hydroxyl (3510 cm +) 
and ester (1730 cm +) absorptions. The 1am spectrum 
exhibits two methyl ester singlets (63.68, 3.62) and 
several high field methyl signals as well as a doublet 
Oprdoulp lets td = "'T2)) 56) “Hz Sd aween D,0 exchange, J = 12 Hz) 
at. o42.00, a broad doublet’ at-04.16) (J -= 9 Hz, dq with: DAO 


2 
exchange, J = 9, 2 Hz), a multiplet vat 63.07, and a ibroad 
Singlet at, 62.161. 

Treatment of the fraction 3 diester with acetic 
anhydride/pyridine gave a monoacetate derivative 
(ms, Srne) which shifted the 64.66 signal downfield to 
eSeG5 (di, 0 = 13 H2), tndticatavevof an vacety lation of an 
allylic alcohol. The ir spectrum shows hydroxyl absorp- 


ELON 3540 om) indicative of non-reactive alcohols 


such as tertiary alcohols, and ester absorption (1730 


The acidic metabolites described above have not 


been reported in the literature. It is interesting to 
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22 
note that the two triterpenoid diesters (C358, 909) 
isolated have formula dimeric to the sesquiterpenoid 
monoester 10 (Cy 6H, 49,)- However, we cannot at this 
time suggest reasonable structures for these diesters. 
Due to the small ‘amount of compounds available, further 
experiments were not possible. 

The mycelia of M. reticulata were extracted with 
ethyl acetate and investigated only briefly. A small 
amount of solid crystallized from the crude mycelia 
extract and was identified (ir, ms) as ergosterol (11). 


The extract was separated into neutral and acidic 


fractions. The neutral fraction consisted of numerous 


components (tlc). The acidic fraction appeared simpler 
and was subjected to ptlc. However, appreciable quan- 
tities of identifiable compounds could not be isolated. 


The mycelia was not investigated further. 
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EXPERIMENTAL 


Mass spectra were recorded on an A.E.I. MS-50 mass 
Spectrometer. coupled toa DS) 50)computer, or an AwE.1. 
MS-9 mass spectrometer (chemical ionization), and are 
reported as m/e (relative intensity). Unless diagnosti- 
cally significant only peaks at least 20% as intense as 
tne base peak are reported. Infrared spectra were 
recorded on a Unicam SP1000 or Perkin-Elmer Model 421 
dual grating spectrophotometer, uv spectra on a Unicam 
SP1700 spectrophotometer, and optical rotations ona 
Perkin-Elmer Model 241 polarimeter. Proton magnetic 
resonance were measured on a Varian HA-100 spectrometer 
interfaced to a Digilab FTS/NMR-3 data system or a Bruker 
WP-60 spectrometer interfaced to a Nicolet 1080 computer 
with TMS as internal standard. Carbon magnetic resonance 
Spectra were measured on a Bruker HFX-90 spectrometer 
interfaced to a Nicolet 1085 computer with TMS as internal 
standard. Melting points were recorded on a Thomas 
Model 40 micro hot stage or a Gallenkamp mp apparatus 
(sealed tube), and are uncorrected. 

Preparative tlc was carried out on 0.75 mm layers of 
Silica gel G (W. Merck, Darmstadt) containing 1% 
electronic phosphor (General Electric, Cleveland), and 


materials were detected by spraying with 30% sulfuric 
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acid and charring. Silica gel (Woelm, <0.063 mm) was 
used for column chromatography. Skellysolve B refers 


to Skelly Oil Company light petroleum, bp 62-70°C. 


Growth of Mycocalia reticulata on Liquid Medium and 


Teolation, or. the, Crude Metabolites 


The aqueous medium used for culture growth (Brodie 
liquid medium) has the following composition per litre: 
maltose, 5.0 g; dextrose, 2.0 g; yeast extract (Difco), 
279 0NG: KH,PO,, 2 4! 
peptone, 0.2 9g; asparagine, 0.2 0g; Fe, (SO,) 3, trace; 


0..155G% Ca(NO,).-4H O77 0752.0 7 MGSO 0.24.9; 
glycerol, 6 ml. The medium was autoclaved at 120°C for 
20 minutes before use. 

Agar slant Cube cultures sore. retrculata (strain 
S465) were used to innoculate 500 ml Erlenmeyer flasks 
containing 200 ml of the above medium. These were 
allowed to mature at 25°C for at least 30 days. To 
initiate large scale growths the contents of one 


500 ml Erlenmeyer were blended (Waring blender) and 


10 ml portions of the resulting suspension were trans- 


* , 2 
Cultures were obtained from Dr. H. Ginns, Bl1o- 


systematics Research Institute, Agriculture Canada, 
Ottawa, Ontario. 
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ferred under sterile conditions to 4 & Fernbach flasks 
containing 1 2 of the above liquid medium. After 30 days 
growth at 25°C, the mycelium was removed by filtration 
through cheesecloth and the culture brothwas extracted with 
an equal volume of ethyl acetate in three portions. The 
ethyl acetate extract was washed with water, dried (MgSO,), 
and concentrated under reduced pressure to provide the 
Crude extract as a brown semi-solid (~0.2 g/2 of culture 


broth). 
Isolation of Coumarin 13 or 14 


The crude extract (2.4 g) was dissolved in 803 
aqueous methanol and partitioned with Skellysolve B. 
The Skellysolve B layer was concentrated under reduced 
pressure to give a yellow liquid (93 mg). Preparative 
EL (CHC1,/PhH/CH,0H, 10:10:1) gave the coumarin as an 


Ole mgt eRe 0.7) 


£ 

UV (CH.OH) i +0220): 25570290 1.3.04 nis 
3 max 

base... 256, 300, 364 nm. 


IR(CHC1,): 3520, 1700, 1590, 1500, 1430, 1375, 1280, 
1090, 990, 900 cm +. 

*HMR (CDC1,) : Sqe20i( dae, Wns Ay ieee) soos 
(A) es 2a zk BB) beady Mex 6a heuee 5) 5-48 


(m, 1, W, = 14 Hz, CH-CH=C(CH,),), 4.52 (bd, 2, J = juz 
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CH,-CH=C(CH,).), 3290 BCSe4o oF OCH,), 30 ue he, (iS, 
3 each, CH,-CH=C(CH,).)- 
Mowe, oe calcd. fOr Co LH Ou. (276.0998, 


LSoGa 
found: ZrO. LOG. 


Preliminary Isolation of Drimanes Di Oa ya and sta 


A methylene-chloride solution of the crude extract 
(1.5 g) was separated into acidic and neutral compounds 
by extraction with cold 5% aqueous NaOH. The neutral 
fraction (0.2 g) was subjected to ptlc (PhH/acetone/HOAc, 


(22 Lt) CO. Give nearly pure metavolites > {5 mg, “KR. 0.78), 


£ 


Cemiee aug, ho Usoo), ands Jag (4a;mg, R- Ula7)- 


£ 1 


7-Ketodihydrodrimenin, 5 


The least polar metabolite was recrystallized from 
Skellysolve B to give 5 as needles, mp 120-122°; 


La] ,* -118° (c 0.002 benzene). 
aL 


IR(CHC1,) : T7707 1715, 14557 71390, 1370, 1160, 1040°cm a. 


“HMR (CDC1) : 64.45 (m, 2, W = 15 Hz, H-12), 3.28 


(ielpeven 3027) HS) cul atay md =. 5 Hz 9), 
2 


‘tae 
Zag, WwW, = LS HZ, Hie) 32.25 (m2, Lae = 16-82, H-6):, 
#3 


ach ds signal is partially hidden by the 4-line multi- 
plet centered at 62.45 (H-6). However, in the spectrum in 
C6Dg the H-6 signal is shifted upfield by 0.3 ppm, exposing 
the H-18 signal which appears as a doublet of double doub- 
fete Viger ll,. 4, 2.Hz). Phe tow field position of the H=1p 
signal is presumably caused by the deshielding effect of 
the C-11 carbonyl and is well documented in the steroid 
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ais. Foie, Wy = 420 (HZ 2 HS. Ok. (S406; CH,), 
As Je ge CH)- 

*ScMR(CDC1,): 66.4, 53.6, 48.8, 44.8, 41.6, 39.6, 
Moen, foo.) nb oO 216.35 "Loa le 1os) ppmy 

tthe G—7 and C-ll carbonyl carbons .and. presumably .a 
quaternary carbon (C-4 or C-10) were not detected due to 
the small amount of sample). 


MS= m/e .cal.cd., afor: .C 250.1569, 


Von 2aa 
BOund=ws 25041569 (8): »-235.07) 7, 694146) 25166611) 2437611), 
P2267), 109;(2,1).7) 856100.) , 69:25). 

Metabolite jasis identicala(tle, in, eae, mo; ,optical 
rotation, mp, mmp) with an authentic sample of 7- 


ketodihydrodrimenin. 174 


768-Hydroxydihydrodrimenin, 6a 


Compound 6a was recrystallized from benzene/pentane 


to give fine needles, mp 157-158° (sealed tube), 


dies -65° (c 0.0024, benzene). 

IR(CHC1,): 3610, 3520, 1765, TARO 1895, 1370). 1340, 
105540040, 1020 Snes 

1 


HMR(CDC1,): 64.29 (m, 2, W, = 17 Hz, H-12), 
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28 
ipocivapoarentrddd, liad = 7430 Hz, 6, 2 Hzs *H=5); 
06 (8; 34 CH3), 0. 23% (Shas, CH3), One Sits | .eSy CH,)- 
pPOMR(CDCL,)2 197.5 (s,/ C211) 69.4 (a) C-7; t, C-42), 
Oia (elope Uom (Cao) 4 dees Ct) 84058 (d, CH92> t):, 
Pero ites); moseon (dy Co5 7 ese) dee (t).Cn2), 22.0 (q), 
Pow (q) 4 1 65:90(q) § ppm. 


MSssem/e called s-for Cc 252.1426, 


jase piel sy 
BOunaew 2o2e1708410) 237421) 72 234 (20), 219(20), -196:(80) , 
Pionon) ,w Lou l29) > A37( 70) 3 1241040), 123 (58),7 119 (27), 
BOOA5 5 pO 722 Js PLO SA2Oe > (7) 8 93.125) > SE(27) 9 85(100), 
Cunatdee i 9o(26), 77420), 69 048),- 67 (30)', 55(45). 

Mecabolice 6a is 1déentical (tle; i, lumr, ms, and 

optical rotation) with authentic 78-hydroxydihydrodrime- 


ae be 
nin. 


6a,78-Dihydroxydihydrodrimenin, 7a 


The most polar ptlc component was chromatographed 
(PhH/acetone/HOAc, 75:25:1) again to give crystalline 7a, 
mp 43-45°. 

IR(CHC13): 3580,°3430, 1765771465, 11390, 1370;91335, 
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*HMR(CDC1,): 64.32 (m, 2, Wy = 22 Hz, H-12), 
2 


Seow (ise 2 | Wy =p SeaZ ule Ogre), 3 Lo inn Wine =o HZ 
2 

Heep ecco. Kd, At, T}=18.5tuzy H-9));, 2.15.(m, 1, H-LR), 

PALO (Se BF CH3), L tOe (SANGO; CH3)- 

MS-acmse, Calcd.«for C1 5H 4g? 

Pound 48 268. 1660\(6)) 253 Gin 25013) 5" 23.9 (20) . 235615), 


2610s 167 5, 


doen.) oa 6 O17 0.153.100) ya 0.(6 3) 429:09:(40) cD O73 2) , 
ino ee 2102 Oe. SBSH) 7) 19 1.029)" 854 52)s4 81(40),. 79631), 
TERED 2, “OORDANE, 3 6 7K3 2), 715720 a 55: 653))\, 53\(22)x. 

Diol 7a was further characterized as its diacetate 


derivative 7b. 


78-Acetoxydihydrodrimenin, 6b 


AasOlution Of alConolm bam. -) ng)” 2m pyridine 
(0.1 ml) and acetic anhydride (0.1ml) was allowed to 
Stand at room temperature for 1 day and then was poured 
into water and was extracted with ether (3x). The combined 
ethereal extracts were wasned with water (2x), dried 
(MgSO,), and concentrated under reduced pressure to give 
crude acetate (2.8 mg). Purification by ptlc (PhH/ 


acetone/HOAc, 75:25:1) yielded 6b as an oil. 
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IR(CHC1,): WML CaO wean ae set, LS 0 edo oot, eO0:, 


35 “os en™ 


zi = 
HMR (CDC1,) : ips ted Meee Or We a i Wy, =P OGHZy) \H— (ipo 4 el. (eee 


Wie ee Noel 2),) SL Ov (Its Wy = 37 HZ H=S), 


2 


Creer a, et, = 8.5 HZ, Mo 2.00) (IN, L, HG); 
Pav Cetas i, 1OnG) , 1.90) (apparentcddd, 1,9 J)..= 13;..6, 2)-Hz, 


Beye ie ORS), Sry CH), Oo Ss ese CH OSS (Spe, CH). 


ale 


MSs) mye Calcd. for ‘C 294.1331, 


Wy 26 As 
found: 294.1835(4), 279(3), 234(100), 219(71), 178(89), 
Mey C7 ero 323) 6119032) 109 (65), TO7 (26), 105 (32). 
Pazera 3 (sty, 9132) ssa) oad (5594 79 (26) 69153), 


Gyie22yy 59 (41 )". 
6a,/8-Diacetoxydihydrodrimenin, 7b 


Acetylation of diol 7a (30 mg) was performed as 
described for 6a, followed by ptlc (PhH/acetone/HOAc, 
7or2or2) to give diacetate 7b asvan 2b) (15 mg) which 
partially solidified after several weeks. Recrystalli- 


zation from cyclohexane/Skellysolve B yielded 7b as 


PAB 
D 


IR(CHC1,): P70, UT 4 5G ago Oe L345, 2270 a0, 


1040 cm’. 


needles, mp 122-123°; [a] -66° (c 0.016, benzene). 
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*HMR(CDC1,): 85.51 (dd, 1, J = 11.5, 9 Hz, H-6), 
Se We ile Jy 1.9), 9 a Ae Ae 5. Dp Wy = 14 Hz, 
Helo) ao no u(m,. 1, Wy SRA EAR 5 Chom De Aaby ee i (as le Id byes hd Pene——iene Pala ae 
eae Sede, we livelier LB.) pe eee 4et Gost Sire COAG op G02. GS pt & OAC) , 
eee (Cierl atic L1.. 5 one ena ee) 22.0)01(S:p.13, CH,), 
205 90S, 43°, CH3), O.-94 6S jas, CH,)- 
*cmr (CDC1,) : a Ovals, OCOCH,), EGR 39 “(s', OCOCH,), 
Paar C= 7) 37-0 2-—(d---C=6) ty 668.3 (te, Co12), 
Pee Cao (CH) ) OL. Oe Orem CH 8). 7643.5" (tt), 
BAO GC) ge St ae OS). p03) Tce (Caps C29) iy SOLA Ct 6 Ga 2)e 903 3-3) (Ss) 5 
meses, ei. 454(q )y,, 220 Sun tay, bla? ads uy, a7 cOwe (Gh ppm. 
The C-1l carbonyl carbon was not detected due to the 
small amount of sample.) 
MS..a.0/e calod. for C1 9H 9% : 352.5 886. 
Bounds iyo O2 al Sol 5) .4292 Clay a2 50029, p23 5/61 5)s,) 23.2,0L00) | 
Oe are 1.95 G0) 4 h53 (SO )e ale alee eae > (22) 47482. (.33)\, 
G9.643.)) 485 51.3.5)’. 
ANALYSIS :.. .calcd.. for C1945 9%? Cy OAr TeDipecll 43). 0:1 3 
HGUNGs LCA. 33.501 49.4105 


Jones' Oxidation of 78-hydroxydihydrodrimenin, 6a 
Sealand ea I SPREE) LENE OF RRS wR Ae 


A solution of 6a (2.0 mg) in acetone (0.5 ml) was 


stirred at room temperature and excess Jones' reagent 


(1 drop) was added. This was followed by addition of 
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2-propanol to destroy excess reagent. Solid NaHCO, was 
then added and the mixture stirred for a few minutes. 
Filtration through charcoal and removal of the solvents 
under reduced pressure gave a crystalline product (1.8 mg) 


which was shown to be identical with ketone 5 by comparison 


ORE 95 ee Wedel gia limr, and ms data. 


Treatment of 6a0,78-Dihydroxydihydrodrimenin, 7a 


with activated Tan un 


To a stirred suspension of anhydrous titanium tri- 
chloride (49 mg, 0.32 mmole) in anhydrous DME (8 ml) under 
nitrogen was added lithium (8 mg, 1.1 mmole). After re- 
fluxing forl h, titanium was obtained as a fine black 
powder. To this stirred suspension was added diol 
Ja ("9 mg, 0.034 mmole) In anhydrous DME (4 ml). After 
stirring at room temperature for lh, the mixture was 
refluxed for 12 h and cooled. Ether was added and the 
mixture was filtered through a pad of Florisil. The 
filtrate was then concentrated under reduced pressure to 
give a yellow oil (10 mg). Infrared and limr spectra, as 
well as tlc show some starting diol 7a Beene plus some 
higher R, material. Preparative tlc (PhH/acetone/HOAc, 


f 
75:25:1) gave no identifiable material. 
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Treatment of 6a,/78-Dihydroxydihydrodrimenin, 


7a with N,N'-thiocarbonyldiimidazole?? 


A solution of diol 7a (45 mg, 0.17 mmole) and 
N,N'-thiocarbonyldiimidazole (55 mg, 0.28 mmole) in dry 
benzene (6 ml) was refluxed for 16 h, after: which time 
tlc showed no reaction. The solvent was removed under 
reduced pressure and additional N,N'-thiocarbonyldiimidazole 
(40 mg, 0.20 mmole) was added to the residue. A solution 
of these materials in dry diglyme was heated at 140° for 
3 hand then poured into water and ether. The ethereal 
layer was washed with water, 1N HCl, water, saturated 
NaHCO. solution, and water; dried (MgSO); and concen- 
trated under reduced pressure to give a brown colored 
Oil (40 mg) which appeared (tlc) to be mainly the starting 


diol 4a. None of the desired thiocarbonate 26 was 


detected by ms. 


Isolation of C,5H,50 Metabolites, Glochidone (8), and 


p=-sitosterol (9) 


The crude extract was separated into neutral and 
acidic fractions as described above. Column chromato- 
graphy of the neutral fraction (0.4 g) employing gradient 


elutgaon. (CHCl. “to CHC1,/CH,0H) gave in the early fractions 
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components less polar than metabolites 5, 6a, or /a. 
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Preparative tlc (CHC13/CH,0H, S02.) "or one’ rracr1 on 


gave three components: Re Oey ores ing), Re O70" Co mq), 


and Ry Ooo KS ug) s 


The aromatic component at Ry 0.75 gave the following 
Spectral data. 
UV (CH30H) r 2) 276 Tim. 
max 


IR(CHC1,): DSOCU4, 255907 SoOUmm LOU rE U0, tl 255, LSD, 


Peso 00 1110" 880°emn 


*HMR(CDC1,): 66.7-7.4 (m), 4.36 (q, J = 7 Hz), 


woos phd, 0° = 7 HZ). 


MSs m/e. calcd. for CoH, 50: 3021671, 


FOORGs UC. LOLI (2Z)), 2e7ueayee boos) ), Loo (Louy,. 165 (28), 


The aromatic component at R, 0.70 gave the following 


£ 


spectral data. 


UV (CH,0H) Iced 265, 7 3061%Sh)) om: 


IR(CHC1,): 3600, 93950155007, LOU; 200, 1455, US75, 


1330, 1120, 910, 900 cm. 


“HMR (CDC1,) : S97. To7us Molt emo en dds i=) 8) 12 az), 


Gs65e(d) 0.= 18 Hz) 40a) tate e yz) 4.00 ge Jo =H), 


7 HZ). 


i Gitcl, yO =  /)HZ),) bs59) Wi 
MS= m/e 302(53);,, 287 (100), 209°(20), “105 (37). 
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The. component .at Re 0. oo was identified! Gs 
glochidone canes by compardeon (tic) ark limr, ms) with 
an authentic sample.* 

Another sligntly more polar fraction was also 
Subjected to ptlc (pentane/acetone, 4:1) to give a solid 
material (19 mg), Ry 0.7, which was recrystallized twice 
from Skellysolve B-to give B-sitosterol (9), identified 
byecomparisone (Clic; \ ir, limr, ms) with an authentic 


sample. 


Prebitinary separation) Of thevacidic ‘fraction 


Column chromatography (PhH/acetone/HOAc, 80:20:1) 
Ofethe .acidicifiraction® (0<s2Ngq7isee) the. preliminary 
tsotationeot (5; scapland fayegave three, fractions, 1n order 
of@fincteasing polarity:. fraction ib. (20, mg, Re OE Oho), 
oa sa) Vr 


Practionyc, (2500mg7.R. Of6), dnd? fractions 3 (600mg), R 


E - 


(PhH/acetone/HOAc, 75:25:1). 


Isolation of the Metabolite from Fraction 1 and 


Esterification with Diazomethane 


Recrystallization of the least polar fraction l 
from acetone/pentane gave crystals (~4 mg), mp 269-273°. 


IR(CHC1,): 3500, 2400-3400, 1740, 1715(sh), 1470, 1390, 


a 
Go clos 5, LOLS, L075. 95a, ~~ 


“the authentic sample was kindly provided by 
Dre We Hs Hus. 
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*HMR (CDC1.) : Ooh a OS mn 91110) 8' 600 6 49 IS), CH). 


Chemical Ionization (NH,) MS shows the M + 18 (m/e 518) 


5) 
peak. 


MS 7famyve calcas rior .c 250 M569) 


T2003" 
POUNG 0 bo 6) (16) 723222 )9. 219419-)\)..123 (100) ,. 79.1020), 
CA a) ae So GS 5D) 6994) 67 (29), 55( 43) . 

To a stirred solution of the above metabolite 


Coetlesma): iit CH,Cl, was added 0.5 N diazomethane (0.5 ml) 


in CH,Cl.- The yellow solution was stirred at room 


temperature for 2 h and then concentrated under reduced 
pressure to give a white solid (8 mg), homogeneous by 


tle (PhH/acetone/HOAc, -75:25:1), Re Ono 


* 
3)? BD00) >) SUSU eels hy) fal 417.07, 0239 57° 03:70), 
i 


13:40,1018 20941295), Wl PS)) 1085489907 .975,)1955, cm ~. 
i 


ER(CHGL 


HMR(CDC1,): 64.88 (bs, 1), 3.60 (s, 3, COOCH3), 
43) jwnls.0'6:7940:49,.0' Ss) 3S teachs CH), Qiao (S),meOs, CH,), 
Oasdiats, 337 CH,)- 

*9cmR (CDC1) : 20 4 Ci BEGG peor LUC Oy Glee, 60.07.37 
GOrt2t4 4560s 05S) 4, WS 0ee Ce eee, 41.377 739.6, 3829, 
38. Ossie eS AMS ORO Aas 2 OF, Oly eid 2 iO ZO Oe he, 


2 nO? Oca le tel Oey, GL SiA6) eco epee oie O pe, Lois.) piu. 


* 
This absorption was very weak. 
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MS. hem/escarcdesttor C3846? Dia .32957 

DOGG Meet e S292 (6)% 499(2) 5470 (11), 455(3), 438 (24)¢ 
coewaO nee lOO), . 26224) 7a2 231.) 2179 (22) 50109 (38)e 
DUNS Ope PO 2 (33!) 9928) 98 (28) 5.9135), 981(39) 4. 6942), 


Odes 3)57055.(38)¢ 


Isolation of Metabolites from Fraction 2 including 
4,4,8,108-Tetrameth 1-98-carbomethoxy-7-hydroxy-7-octal 


Bo woe, 10: 


Fraction 2 yielded a small amount of precipitate 
which decomposed at 270-274°. 
IR(CHC1,): 54505 6280083300 Bie sileh) 461705) 2650704455, 
1385 cmt, 
*HMR (CDC1) : C4739 Mo, 40e—wiee zee 3.46, (bs) 4 bo32, 
Peeled; Weta, Wik Css CH,)- 
MSeU ;m/7ercalcd: 7Lor C394 4409: 532.3036, 
founds 5 oe. 3063.(10) se 514 (246 (22) 9276082) 22600424), 
BSG 20), 2 L922 8)s , LOANS 3) jae S1o0) 7, 109.58) Fe oh2 6) 
O3A24)) 5 10. (45) 69.0100) Gms (51) = 

Esterification of fraction 2 (70 mg) with excess 
diazomethane! (as! described for fraction 2) and? subsequent 
ptlc (pentane/ether, 3:1, double elution) gave components 
teh oo 2g) cand Re 0.4 (5 mg). The latter component 


38 
was recrystallized from methanol to give a diester as 
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WiLeer star-shaped, crystals (29mg), mp 177-182”. 
UV (CH,0H) ee: 278 nm. 
IR(CHC1,): 2490.0 WASD iy ale) WO eel GS0,,.0655 5/1465, 1390 (sh), 
ee Oper ooo es o0, LiZ0 2 tlO> LO: L000, 975 cm, 
*HMR (CDC1.3) : 04°35 (bddvade=.42, 4 HZ, bd with D,0 
exchange, 0 —= U2 H2), 8.78 foe a(S, 3 each, COOCH,), 
Spee TOS), 2/50. (i) a wie co, e200, 1.16, 11.49 (CH,)- 


MS: m/e calcd. for € 560.3349, 


3246-3: 
peur 5603535 24)00542400) 8528100), 524 (12). 513 (25), 
BlU(76), 496(49)) 478(54), 292(61), 191(21), 123(29), 

19K 25) 626), 69(33).4 55(25)0 


The component at R, 0.8 was tentatively assigned 


£ 

structure 10. 

UV (CH,OH) X eZ Sit 
=) max 

IR(CHC1,): 34307, D735 77 16557091600, 1465, 13907) 1360, 


PAG bocO ,) 12854) 1115,) 92090; LOL cm, 


*HMR (CDC1.3) : O3.72 (sy Oy pecoarey su 40 ay ld = uz, 
Heures bs, 2, Heo) aeOn hay oy 40 2) 23h, Heal), 
Mes we 6,n he LO MS, 4 Seach, CH,)- 

MS: m/e calcd. for Cy 6H Pg? 280-1675: | 

founds 280.1678 (50); 246 (22), -220(20),, 2A51(37):, 


Pessoa eet s2 3) > LLI(2s too (60), 697 (30) aos), 


ESL, Heat peer ah ae 
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J 22 eo (43) 7,683'( 39) Bl (54)71079 (22), 71 (61), 169 (94) ; 


Cis >), poe WL 00),. 55(83))2 


Aeety tation of ithe Diester fromiFraction 2 


The diester (1 mg) from fraction 2 (Re 0.4) was 
dissolved in pyridine (0.5 ml) and acetic anhydride 
(0.25 ml) was added. The resulting solution was allowed 
to stand si room temperature for 1 day and then poured 
into water and extracted with ether (2x). The combined 
ethereal extracts were then washed with water (2x), 
dried (MgSO,), and solvents removed under reduced pressure 
to give a yellow oil. 
UV (CH,0H) Rens 244 nm. 
IR(CHC1,): 2500-3600 , PISO OI 5S, 14657 eats 1395. 


$375" -1350%sh) ) 1200 )“1010"emeee 


*HMR (CDC1,) : 65.99 5" (bay d= wi3 Hz), 37/75,"32 /40(S7 73 each 
COOCH,), Senn) 7 12 4 TU) ae ee ape ere) (Sy SO ACaACh, sOAG)., 
Tees > Lopate La, OL. laa teOL,  Oaa6 (CH,)- 

Chemical Ionization (NH) MS shows the M+ 18 (m/e 662) 
peak. 

MS? ten7e (calcd. £0r C3 4H. 90g: 60234557, 

found: 4 60292227 (21)\)/ 570100), 25424015) , FeO 3) 229244) % 
D5OALS SPO 623), 13 7( 25) a3 eee 109 (32) Gas 5.2 4), 


Bar OF 050 J 7.39) a Gee 


* 
This absorption was very weak. 
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Puy iiicarion of Fraction’ 3 by Esterification with 


Diazomethane 


Preparative tlc (PhH/acetone/HOAc, 75:25:1) of 
fraction 3 (60 mg) gave an impure white solid (29 mg, 
Re 0.5). Esterification of the solid with excess diazo- 
methane (as described for fraction 1) followed by ptlc 


teo/acetone/HOAc, 75:25:1) gave.an oil, Rp 0.9 which 


was further purified by ptlc (pentane/ether, 2:1) to give 
a diester as a colorless oil (2 mg). 


IR(CHC1,): DOU 0) dl oO Oriol 370. Lo 50,u 1090, 


1ooOvemen: 


“HMR (CDCL, ) : 64.60 (dated t=et2 10 HZ G4with D,0 exchange, 


J = 912 Hz), 4.16 (bd, J = 9 7Hz, "dq with D-O exchange, 


2 


J OZ ip ade,0 0 7. 3202. Sy eacns COOCH,), 


Sree OS isms 0.2m DS) jp ile454, We 400 ooo, Leal?) 1.14, 1.10, 
150.0) pe 9S (CH). 

MS: ie m/e. calcd. for C 35H 4909: 560.3349, 

Pounds e560 s30b1 (62). SA2ZK 30) ee o2a (29) ,, 524138)),, sO 2),, 
DOAN 62 52) (25)i,. 220 (24) eee to), wil (25) 52137 (25)>, 
P2520 ane io 37.0), O09 (56), 9hO7425)), Vl 05 (24) 0 95457 5, 
2020) 91 (32). 83.(21 )yiS L575 659) 7 Oakly) 7 SOU 36), 


DA eee) ps DAT Ls 
Acetylation of the Diester from Fraction 3 


The diester (1.5 mg) from fraction 3 was acetylated 


with acetic anhydride/pyridine (as described for fraction 
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2) to give an oil (0.5 mg) homogeneous by tlc (PhH/ 
acetone/HOAc, 75:25:1), Re Uns>.. 
IR(CHC1,): SOU SO AO a2 5. 1385.08 boob ens 40: 


190791080; / 1010. 985 Cui 


at 
HMR (CDC1,): OD DM (Cy ee uetzi 413 (dq, = doen H2)e 
BeOopeoseLi(S "3 “each, COOCH,), BUS (DS i, recat DS), 

ee ese Sh OAC) ol ALASe ae WeeLOm 1040.97) 0.95 (CH,)- 


Moe 0/7e: Calcd. for ¢ 602°3455, 


3450-9: 
found: 602.3434(3), 584(5), 542(7), 524(12), 260(20), 
Dees yen 22714) 234 (431 menoaa) 165 (29), 928 (25), 
e599), 10937) ,. 107 (22)8 05.025) 95129), 93 (24),.191 (26), 
Soro mg(42), 79.26) > FIZ 69 (100). 67131)» 57 (46); 


SO) eo. (21) 6 


Extraction Of the Mycelia of M. reticulata and the Isolation 


Of Ergosterol (11) 


The mycelia of M. reticulata were extracted with 
ethyl acetate for 3 days in a Soxhlet apparatus. The 
ethyl acetate extract was then washed with water, dried 
(MgSO,), and concentrated under reduced pressure to give 
the crude mycelia extract as a dark brown oid, Av smal 
amount of solid crystallized from the crude extract. This 
was identified as ergosterol by comparison of its ir and 


ms with an authentic sample. 
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A methylene chloride solution of the crude mycelia 
extract (1.5 g) was separated into acidic (0.69 g) and 
neutral (0.36 g) compounds by extraction with cold 5% 
aqueous NaOH. Preparative tlc (PhH/acetone/HOAc, 75:25:1) 
of the acidic fraction (180 mg) did not yield appreciable 


quantities of identifiable compounds. 
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Figure 2... The Lim Spectrum-od (0a. 
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Figure 3... Phe Lim spectrum of 6b. 
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Figure, 5S; The Lim spectrum of 7b. 
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Pisane wre | the Hime spectrum ofethe fraction 2 diacetate. 
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The bicyclofarnesane class of sesquiterpenes (1) 
has been known since the 1950's when Djerassi and co- 
workers’ elucidated the structure of iresin (2) a Since 
then bicyclofarnesanes have been isolated from a variety 
of sources including trees and shrubs, tobacco, liverwort, 
water pepper, and Penicillum species. Recently, Kubo 
and colleagues® reported the isolation and character- 
ization of potent army worm antifeedants such as warbur- 
ganal (3) which contain the bicyclofarnesane skeleton. 
These antifeedants, isolated from the East African 
Warburgia plants cause starvation of widely occurring 
AtEELCan crop pests. It 1s conceivable that these potent 


antifeedants may provide another method for controlling 


pest insects in the field or during crop storage. Our 
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Studies of the metabolites of Mycocalia reticulata 
also produced interesting bicyclofarnesane (drimane) type 
sesquiterpenes Syl ean 6 We therefore undertook the 
design of an efficient synthesis to compounds Cre ee 
and 6. 

In any synthetic design of these bicyclofarnesanes, 
one must incorporate a minimum of three chiral centers 
together with a gem-dimethyl group and an angular methyl 
group in the target molecules. 

Basically, there are four known synthetic approaches 
to the bicyclofarnesane skeleton. One approach involves 
Robinson annelation of diketone 7 to form the function= 
alized bicyclo[4.4.0] system ap as shown. Subsequent 


introduction of the three remaining carbons would complete 


the sesquiterpene skeleton. 
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Secondly, cyclization of farnesyl derivatives provides 
a biomimetic entry into the bicyclofarnesane system. 
TALS approach first introduced by iCaliezi and Schinz> 
in 1949, involves for example, treatment of Famnesy 02) 


with boron trifluoride to give bicyclofarnesane 10 in 


35% yield. E.E. van Tamelen and co-workers / Similarly 
COOH COOH 
| > 
aa I 
i 
H 
9 10 


CyaGkiszedsrarnesy i) €pox1demumeriemedest yreldy to give 


aleonol 12. 


OAc OAC 
= 
eS 
i 
O HO 1 
1 Bony 


Degradation of the structurally similar diterpenoid 
resin acids provides another route to the bicyclofarne- 
Sanes. Recently, Pelletier and Ohtsuka® converted 
podocarpic derivative 13 into the sesquiterpene 


(+)-winterin (14). 
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Finally, a Diels-Alder approach would appear to be 
an obvious synthetic alternative to the bicyclo[4.4.0] 
System. However, there are only two reported cases of a 
direct Diels-Alder route to bicyclofarnesane sesquiter- 
penes. ~;Both use ‘diene J5." Reaction of diene’ 15’ with 
acetylenedicarboxylic acid gives adduct 16 in only 4% 


yield which is then hydrogenated to (+)-winterin (14) .? 


ie Oo, 
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Diene 15 has also been reported to react with maleic 


: ; 10 
anhydride to give adduct 17 in low yield. The low yields 
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reported suggest that the incorporation of an angular 
methyl group is not a facile process in the Diels-Alder 
reaction. The presence of the gem-dimethyl group may 
also cause additional steric interference to the Diels- 
Alder reaction. 

Our synthetic approach utilizes a similar Diels-Alder 
reaction, incorporating all the necessary carbon framework 
in one key step. We sought to improve the previous Diels- 
Alder reactions by using a more reactive diene 18a to 
give tunecionalized adducts 19. and 21 as shown in Figure’ 1- 
Aebleie-Alder reaction of ydiene 1éai with maleic#anhydride 
iemexpeccea, to yield adduct wig which can lead ‘to the 


metabolites 4, 5, and 6. Compound 19 can be veaaeedae 


and subsequently epimerized?? 


Eouractonre 20. 7e.furtcner 
functional group manipulation can produce the drimanic 
lactones 4, 5, and 6. 

On the other hand, the dimethyl acetylenedicarboxylate 
adduct 21 can be expected to provide a basis for elabor- 
ation into warburganal (3). The sensitive aldehyde 
function is preferentially unmasked at the end of the 
synthesis after the key Wharton reaction. Hydrogenation” 
of adduct 21 is expected to give the trans-fused structure 
22 which upon hydride reduction and protection of the 


primary alcohols should yield acetonide 23. Oxidations 


of 23 should produce epoxy ketone 24 which could be 
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Subjected to the conditions of the Wharton reaction. to 
Give the allylic alcohol 25. Deprotection and oxidation 
of the primary alcohols would then yield the desired 


warburganal (3). 
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The starting material for the synthesis is 
r s * 
B-homocyclocitral (26) . The enol acetate 18 was formed 
by treating 8-homocyclocitral with a catalytic amount of 


p-toluenesulfonic acid in refluxing isopropenyl acetate. 


OAc 


26 18a 18b 


The distilled product was obtained in 67% yield as a 
2200 Mixture Of E- and Z-enol acetates, 18a and 18b 
respectively. This mixture was used for the subsequent 
Diels-Alder reactions with both maleic anhydride and 
dimethyl acetylenedicarboxylate. 

Bnol acetates 18a, b were treated with maleic anhydride 
under various conditions. Refluxing DME, xylene, 
diglyme, and benzene/A1C1, in the Diels-Alder reaction 
all resulted in only starting materials. Formation of the 
enol acetates in the presence of maleic anhydride gave 


only the enol acetates 18a, b and maleic anhydride. None 


of the desired adduct was detected. 


*g-Homocyclocitral was kindly provided by Dr. W.I. 
Taylor of International Flavors and Fragrances, Union 


Beach, New Jersey. 
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Addition of the dienophile dimethyl acetylene- 
dicarboxylate also proved unsuccessful, giving no Diels- 
Alder adduct. Only starting materials were recovered. 

The conditions used for the attempted reaction of enol 
acetates 18a, b withdimethyl acetylenedicarboxylate were 
benzene/room temp., benzene/reflux, toluene/reflux, 
ether/BF,-OEt,/0°, ether/BF,:OEt.,/room temp., diglyme/ 
Deus, benzene/A1C1,/reflux, and xylene/sealed tube/150°. 

Similar conditions to those reported for diene TS: 
were also investigated. Enol acetates 18a, b and 
acetylenedicarboxylic acid were heated in diglyme at 110°, 
but only starting materials were obtained. 

Apparently a more reactive diene is required for the 
Diels-Alder reaction. The methyl enol ether of 8-homo- 
CyclocHtral was .cnosen. (ihemenol ethers 20a Could not be 
formed directly from 8-homocyclocitral (26) with methanolic 
hydrogen chloride. No reaction was observed. However, 
the dimethylacetal 27 was formed quantitatively from 26 
using 1.5 equivalents of trimethylorthoformate and 


ammonium chloride in refluxing methanol. 
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Removal of methanol from acetal 27 to give enol 
ether 28a was somewhat of a problem. Pyrolysis at 120- 
130° was unsuccessful. Treatment of 27 with phosphoric 
acid/70°, benzene/reflux, benzene/alumina/reflux, and 
n-BuLi/ether gave only starting material. Finally, 
pnosphorus pentoxide in refluxing benzene was found to 
eliminate methanol from 27 to give an 87% yield of dis- 
eiited enol-ether. The E- and Z-enol ethers,.28atand 28b 
respectively were obtained in a 65:35 ratio from this 
reaction. It was expected that the E-enol ether 28a 
woulcyreaclt faster than thewZ-enol ether 28b in a Diels= 
Alder reaction, since an s-cisoid orientation would be 
Menbe favorable in 28a. Thererore attempts were made to 
ierease the jh wtO 4 ratio oki Z3) (Lower temperatures 
(-78° to room temp.) in the phosphorus pentoxide/benzene 
reaction with 27 gave the same ratio of 28a and 28b. 
Treatment of the acetal 27 with phosphorus oxychloride/ 
pyridine gave after aqueous workup B-homocyclocitral (26). 
Heating acetal 27 with a small amount of diisopropylethyl- 
ammonium-p-toluenesulfonate at 130° while distilling off 
methanol’? did not improve the E to Z ratio of enol ethers 
28a, b. Since we were unsuccessful in obtaining improved 
E to Z ratios, the enol ether mixture (E to 2, 65:35) 
obtained from the phosphorus pentoxide/refluxing benzene 


method was used in subsequent Diels-Alder reactions. 
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Dienes 28a, b were first treated with maleic anhydride 
in attempts to obtain the Diels-Alder adduct in eating 
an approximately equimolar mixture of dienes 28a, b 
and maleic anhydride in refluxing toluene and in refluxing 
xylene gave mostly starting materials. Sealed tube 


reactions were performed in benzene/250°, benzene/180°, 


OCH OCH 


and xylene/140°; all giving none of the desired adduct 29, 
but predominantly starting materials. Using similar 
Congterons to that reported tor diene I> and mateirc 
anhydride, *° dienes 28a, b and maleic anhydride in 
chloroform were heated in a sealed tube at 95°. The only 
identifiable substances from this reaction were starting 
materials and B-homocyclocitral (26). Thus we could not 
S5eamn the key Diels-Alder Enteemecn ate ZI peor ecte DEOs 
jected syntheses of the drimanic lactones 4, 5, and 6. 
Reaction of dienes 28a, b with dimethyl acetylene- 
dicarboxylate could provide the Diels-Alder adduct 30 


which may be suitable for conversion into warburganal (3). 
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+ CH,00C—C=C—COOCH3 


eZ 
OCH3 
28a,b 
COOCH, core 
7 
COOCH, Qe 
—_—>— > 
OCH, 
H 
30 S 


A variety of conditions were tested for the Diels- 
eldex reaction of dienes Zea, ib with dimethyl acetylene- 
dicarbpoxyitate (~l.3 equivalents). Using refluxing 
benzene as the solvent, the Diels-Alder reaction resulted 
in only starting material. However increasing the temper- 
ature of the Diels-Alder reaction to that of refluxing 
xylene provided a small amount of the 7-a-methoxy adduct 
20a. Using more drastic condlerons, cealedc|tube weactious 
were carried out in benzene atew250 , 230 , and, U50°.. whe 


7 


only identifiable material obtained was the Z-diene 28b. 
A sealed tube reaction in chloroform at 95° gaversearting 
materials. | Employing the solvent xylene which’ had been 
partially successful, a sealed tube reaction was carried 


out at 150°. A 15-20% yield of the Diels-Alder adducts 


30a, b was obtuined after Cmomc ays « 
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The Diels-Alder reaction in toluene at 150°/3 days gave 
no adduct, but the Z-diene 28b as the only identifiable 
product. Sealed tube reactions in xylene at varying 
temperatures were then investigated. At 180°/1 day only 
diene 28b was LdenET bed em AG roU / J idays) ia 25% vi erd 

of adducts 30a, b was obtained. Lower temperatures (120°) 
for 16 days resulted in an unimproved yield of the adduct. 
Surprisingly, reaction in refluxing xylene for 7 days 
yielded only a small amount of the adduct. We have no 
explanation for the variable yields of the adduct in 
different solvents. 

The optimum conditions devised (xylene/sealed tube/ 
130°/7days) for 28a, b and dimethyl acetylenedicarboxylate 
Gavewauaoc yield or thepadducesws0a, bavsolated by column 
chromatography. The adducts exhibited the proper ir, limr, 
and mass spectral data. According to the lam spectrum, 
an approximately equimolar mixture of the 7a- and 78-methoxy 
adducts 30a and 30b respectively, was obtained. Adduct 
30a, formed from the E-dlenem2 cay, exhibited in the Sais 
spectrum a smaller coupling constant (2.5 Hz) between the 
C-6 and C-7 hydrogens than adduct 30b (5.5 Hz) formed 
from the Z-diene 28b. The dihedral angle between the 
hydrogens at C-6 and C-7, obtained by examination of 
Dreiding models is about 85° for compound 30a and about 


40° for compound 30b. 
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Also isolated from the crude Diels-Alder reaction 
mixture was the unreacted a-alene 28b)"accotntingiforlvall 
the Z-diene used. It appears that the dimethyl acetylene- 
dicarboxylate polymerizes before the slow reacting 28b 
can be completely consumed. In an attempt to drive the 
Diels-Alder reaction towards completion, 2.3 equivalents 
of dimethyl acetylenedicarboxylate were used, but this did 
not improve the yield. 

A compound with the molecular formula Ci 6H 40, 

(high resolution ms) was another major reaction product 
from the Diels-Alder reaction. The aromatic (ir, uv, ar) 
compound contained two methyl esters as evidenced by the 
ervabsonprtion «at 1730 om” * and the methyl singlets at 
oon9 Land 3.83 0in the 1am Spectrum. The Tam spectrum 
also shows two ortho coupled (8 Hz) aromatic hydrogens 


as doublets at 67.82 and 7.44 and a two methyl singlet 


at 61.28.) Structure i31. is "proposed for this compound. 
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Compound 31 is probably formed from adduct 30a by 
loss of C,H.O. It is unlikely to arise from the 8-methoxy 
adduct 30b since all the Z-diene 28b is accounted for as 
either adduct 30b or unreacted 28b. Formation of compound 
31 may be acid catalyzed. However, addition of triethyl- 
amine or sodium carbonate to the Diels-Alder reaction did 
not retard the formation "of the aromatic ‘compound “31. 
Since aromatization to 31 could be a free-radical process, 
the radical inhibitor 2,6-di-t-butyl-4-methylphenol was 
imeluded pin the reaction mixture, but™ the production "of 31 
remained unchanged. 

With a bicyclofarnesane adduct now available in much 


improved yields, we tested a more direct route to the 


Woerton precursor 34 as "ouclined in Figure 2° 


OOCH, OOCH, COOCH3 
S225: ——_>- 
CH CH , 
H H 
50a Di oz Sie) 
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bi CHO <. COOCH, COOCH, 
<——— Sa 
i i fl Oo 
! ! i 
H H H 
3 35 34 
Figure 2. The Wharton approach to warburganal. 
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Several attempts were made to convert 30a; b directly 
into ketone 33 with aqueous hydrochloric acid in THF at 
0°, room temperature, and reflux. However, mainly starting 
material was recovered. Treatment of 30a, b with methan- 
Olic sodium methoxide failed to yield enol ether SO 
reaction being observed. 

With this failure, we returned to the synthetic 
scheme outlined earlier in Figure 1, the acetyl group now 
replaced by a methyl group. Hydrogenation of adducts 
30a, b with platinum oxide/ether/room temp. at one atmo- 
Sphere gave unexpectedly the hydrogenolized product 36 
(Figure 3). The biallylic methoxy group appears to be 
euate labile. Hydrogenation, ce 30a, b with’ 5¢°Pd-C/ether/ 
room temp. at one atmosphere with a small amount of 
triethylamine gave no reaction. 

Since we anticipated possible problems in effecting 
methyl ether cleavage in the conversion to alcohol 23, 
we abandoned the synthetic strategy in Figure 1 and 
concentrated our efforts on a new approach via alkene 36 
as shown in Figure 3. Stereoselective epoxidation of 36 
from the less hindered a-face would give 37, which 
upon base promoted rearrangement could yield the allylic 


alcohol 38. Subsequent reduction of the ester groups 


would produce warburganal (3). 
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COOCH 


COOCH, OOCH, 3 
COOCH3 COOCH, OOCH, 
> > 
OCH 1 
3 
H H 
30a ,b 36 37 
CHO COOCH, 
-OH 
CHO S OO0CH3 
<a 
i} 
H H 
3, 38 


Eigure.5 4. A /synthetic approach to warburganal via 


diester epoxides37« 


Conversion” Of 30a, brcOmalkenery36.can be effected 
under various conditions at one atmosphere and room 
temperature: 10% Pd-C/HOAc, PtO,/ether, 10% Pd-C/ether, 
and 10% Pd-C/CH.0H; the last method being Pelee 
reproducible in about 50% yield. 

Epoxidation of alkene 36 to epoxide 3/7 proved to be 


very difficult. Numerous methods were investigated. 
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Alkaline hydrogen peroxide in methanol did not react 
with 36. Treatment of alkene 36 with m-chloroperbenzoic 
acid at room temperature or in refluxing chloroform, 
1,2-dichloroethane, or toluene all failed to produce any 
epoxide 37. Addition of the radical inhibitor 2, 0-0 b= t= 
butyl-4-methylphenol to prevent thermal decomposition of 
m-chloroperbenzoic Bete a reLluxingchloroform, and 
1,2-dichloroethane did not epoxidize 36. Aqueous sodium 
hypochlorite in dioxane? or pyridine’° gave; no reaction 
with 36. Epoxidation with t-butyl hydroperoxide/triton B 
in curl! was also unsuccessful. The powerful oxidant 
peroxytrifluoroacetic acial® wasyreacted with 36 )in 
methylene chloride buffered with sodium phosphate. The 
starting material was consumed overnight. Chemical 
ionization mass spectrometry showed the addition of one 
oxygen satom.as.in, ,the; desired epoxide 3/. However, 
treatment of this material with lithium diisopropylamide?? 
failed to,produce the desiredvalcohol 38. 

Since epoxidation .of diester 36 proved so difficult, 
we decided to investigate the epoxidation of diol 39 
which should be more amenable to epoxidation. (See syn- 
thetic,outline,in Figures4. a eDiol. 39 was oscaineduby 
hydrogenation of 30a, b over Pto, in ether,,. removal, of the 


catalyst by filtration, and treatment of the resulting 


ethereal solution with lithium aluminum hydride. 
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Chromatography of the reaction products yielded diol 
Soin low yield (22%) togéther with isomer 40> (1LO=15%) 
and the over reduced diols 41 (35%). 

in, the: production, of /dvols 41, it was not known 
whether the reduction of the C-8 double bond occurred 
during the hydrogenation or the hydride reduction step. 
Compound 36 was presumed to have isomerized to diol 40 
during the hydride reduction.y  @t was felt thatwuse of a 
different hydride reagent might solve both these problems. 
Hydrogenation of 30a, b followed by treatment with 
diisobutylaluminum hydride to prevent possible 1,4- 
reduction, 7° gave an unimproved yield of the desired diol 
S7,)elong with the byproducte#40) and 41° 4 Therefore the 
over reduced product 41 must arise during the hydrogenation. 
A shorter reaction time in the hydrogenation step could 
probably eliminate this problem. 

The Liam spectrum of 40 appeared to be overly com- 
plicated for a single compound. It was possible that we 
were dealing with C-9 epimers. The t? mr spectra of both 
derivatives 42 and 43 confirmed the existence of two 
isomers. The Lm spectra of the gSinagtives mace 
supported the C-9 epimeric structures 42 and 43. Separa- 
tion of the diacetyl derivatives 43 could not be achieved 
by chromatograpny, including chromatography over silver 


nitrate impregnated silica. Gas chromatography 
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Figure 4. <A synthetic approach to warburganal via 


diol epoxide 44. 


(Carbowax 20M, OV-225) failed to separate the acetonide 
epimers 42. Moreover isomers 43 could not be isomerized 
to the N2- compound WICH p-tOduenesulfonic acid @n 
chloroform. 

ecerecselective! epoxidation of 39 with m-chloro- 
Perberzoic acid gave the o-epoxide 44 in high yield. 
Presumably oxidation occurs from the less-hindered a-face 
Ciuso.) base promoted rearrangement Of epoxide 44 to the 
eulvire, abCconol 45 was next imvestigated. |) ireatment) of 
44 with n-Buli in ether gave mostly starting material. 
The solubility of the ay oxeuen dianion generated from 44 
was probably a problem. In attempts to improve the 
solubility of the dianion of 44, DMF and HMPA/ether were 


used as solvents. However, treatment of 44 with n-Buli 
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in these solvents resulted in recovered starting material. 


Protection. of} the hydroxyds groups appeared) to be 


a likely solution to the problem. We therefore decided to 


follow a modified scheme as shown in Figure 5. The 


alcohols would be protected as acetonide 47 and the 


epoxide would then be rearranged to 48 before deprotection 


to give the desired triol 45. 


Acetonide 46 formed readily from 39 in 2,2-dimethoxy- 


propane with a catalytic amount of p-toluenesulfonic 
acid. Epoxidation with m-chloroperbenzoic acid proceeded 


smoothly to give what is presumably the a-epoxide 47. 
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Figure 5. A synthetic approach to warburganal via 


acetonide epoxide 47. 


Attempts were then made to convert epoxide 47 into 
allylic alcohol 48 with base. Treatment of 47 with 
n-BuLi gave promising results. The products epeocbed in 
the hydroxyl and carbon-carbon double bond regions of 
the ir spectrum. The Time spectrum of the crude products 
showed a singlet at 66.0 and a broad doublet of doublets 


at 65.8 in about equal proportion. The 65.8 signal could 


be assigned to the desired compound 48 on the basis of the 
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Multiplicity observed. The 66.0 signal, however does not 
allow differentiation between structures aoand 5 0Fon 


the basis of lm Spectrum. Although isomer 49 is 
@ ot 
(2 
- 
i 
H 


O 
OH 
! 
49 0 


Peovablystavored ‘since in 47, the B-hydrogen ate C-12° is 
less hindered to base abstraction than the §-hydrogen at 
C-1l1, as indicated by examination of a Dreiding model. One 
also observes that the $-hydrogen at C-12 may be consider- 
ably more sterically shielded than the §S-hydrogen at C-7. 
Thus a bulkier base should give predominantly the desired 
isomer 48. However, treatment Of epoxide 47 with tBu / 
ether at -78° gave unimproved results. Attempted separa- 
tion of the compounds by preparative tlc gaveronly the 
undesired isomer 49 or 50. When lithium diisopropyl - 
amide was used as the base, an isomeric allylic alcohol 
was obtained as the major product, different from the two 
obtained previously. Again the Tm spectrum supports 


ELENeCrRSLIUGCTUre 49 or 50. 


ee 


Det ae: 


Wy? Ay 


eee y! i fs 
bint | ibe AL meats OP ea Re + gh Begin ‘ug ‘ 
} EA) HD, aa: UES: ry e 
reer a ae 
Aone AS a ale 
ib al So) em i ON Ta 
ane \ car 7 eo rye ua he is ). a 
! a, a Bree om) Ahk ay 
FOF eat 9 Uh a 8 aes: 1. Us ee _ | ihe 
’ Yee ar anu 7 ; Ay a aul: 
i RTs i 7 ne, eSNG if i 
Oh aD Bic hein! aes ‘we } at oe ou, 
nal ecg al ak i ahs aw is af RY Pe 
Ent oa pigitl a aie aso 


\ ten " v ta i aii 
ee a ee shied Osh : een) 


Cer a % i en i as 7a 


80 


Additional support of the structures aOrand/ OL 50 
was desirable. Hydrolysis of the acetonides 49 and 50 
would be expected to give hydroxy enals 51 and 54 
respectively, after dehydration. Hydrolysis of the above 
lithium diisopropylamide products gave a product showing 
no carbonyl and no hydroxyl absorption in the infrared. 


tn addrcion, the Tm spectrum showed a vinyl signal at 
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67.1 and high resolution ms indicated a molecular formula 
GE C, 5H 50- On the basis of the spectral data, the 
furanoid structure 53 is proposed. Furanoid 53 may be 
formed by dehydration of the hemi-acetal intermediates 
92 and 55 under the acidic conditions employed. 

Since several of the reactions leading toward the 
desired product warburganal precede in only very modest 
yield it appeared that our hope for an efficient synthesis 


would not be realized and we decided not to pursue this 


approach any further. 
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Mass spectra were recorded on an A.E.I. MS-50 mass 
spectrometer coupled to a DS 50 computer, or an A.E.I. 

MS-9 mass spectrometer (chemical ionization), and are 
reported as m/e (relative intensity). Unless diagnosti- 
cally significant only peaks at least 20% as intense as 

the base peak are reported. Infrared spectra were recorded 
on a Unicam SP1000 spectrophotometer and uv spectra 

on a Unicam SP1700 spectrophotometer. Proton magnetic 
resonance spectra were measured on Varian A-60D, Perkin- 
Elmer R32, or Varian HA-100 spectrometers with TMS as 
internal standard. Carbon magnetic resonance spectra 
were measured on a Bruker HFX-90 spectrometer interfaced 
to a Nicolet 1085 computer or a Bruker WP-60 spectrometer 
interfaced to a Nicolet 1080 computer with TMS as internal 
standard. 

Preparative tlc was carried out on 0.75 mm layers of 
Silica gel G (W. Merck, Darmstadt) containing 1% electronic 
phosphor (General Electric, Cleveland), and materials were 
detected by uv or by spraying with 30% sulfuric acid and 
charring. Silica gel (Woelm, < 0.063 mm) was used for 


column chromatography. 


B-Homocyclocitral Enol Acetate, 18a, b 


A solution containing B-homocyclocitral (7.0 g), 


isopropenyl acetate (30 ml), and p-TSOH-H,0 (1.0 g) were 
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refluxed for 16 h cooled, and water added. The resulting 
mixture was diluted with ether and the ethereal layer 

was washed with water (3x), dried (MgSO,), and concen- 
trated under reduced pressure to give a brown liquid 
(POA) + 4bistillationy (92°73 torr)’ gave acolorless 
liquid (5.8 g, 67%) which was a 35:65 mixture of E- and 
Z-enol acetates 18a and 18b, respectively. 

Peet fees 7 >, 1660, 1450 (b)e °1370,4 1220, 935, 


weuwene 


*HMR(CDC1,): 67.03 (a, J = 7 Hz, 18b CH=CH-OAc), 

Oeo7 “Kd, J'—"12-Hz, “bSa "CH-CH-OAG);, "5.84 (bd, J = 12.Hz, 
18a CH=CH-OAc), 5.29 (bd,'J = 7 Hz, 18b CH=CHOAc), 
ZLOUS he lSasOAc); 2.0384(s; bab OAc), 1°98 (m, allylic), 
HOO 7 he o2\- (Ss, Vinyl CH3), OSI ORs plea CH,(2)), 

O98 (S7ulop CH,(2)). 

MS: m/e calcd. for Cy 34490: 208.1464, 


Found? > 208. 1470(27) 7 Les (loo), Pre r(s6)s,> 107 (23)" 
B-Homocyclocitral Dimethylacetal, 27 


A mixture of B-homocyclocitral (6.6 g, 40 mmole), 
trimethylorthoformate (6.4 ml, 60 mmole), and ammonium 
chloride (100 mg) in anhydrous methanol (12 ml) was 
refluxed for 2 h and then diluted with ether. The ethereal 
solution was washed with saturated NaHCO, solution, water; 


dried (MgSO,); and concentrated under reduced pressure to 
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give B-homocyclocitral dimethylacetal 27 quantitatively. 
Arsmall amount was distilled (116°/12) torr) through a 
short Vigreaux column for analysis. 

Preece ramps 1470(b)i) £3607 T1205 78080751055 cm™?, 
*HMR(CDC1,): 66.42 (t, 1, J = 5 Hz, CH(OCH,),), 

3.36 (s, 6, OCH), 2.40 (bd, 2, J = 5 Hz, CH,-CH(OCH,),, 
Pew (ipe2fuallylic), le67mibs, es, vinyl CH,), Lak 

Cs 6% CH,)- 

Chemical Ionization (NH) MS: m/e 442(8) 2M + 18, 

400 (3), 3/8 (at), 247 (E53) M435, 230(12) M +7289 °198 (7), 
$S3't200) 7 +166(05) 7 L517) 7 7548) 7 52:48). 

ANAYSIS: calcd. for C1 3Hy 49>: RO 4a Havel. sols 
Pound 2.GC 73037; Held 3a. 


B-Homocyclocitral Enol Ether, 28a, b 


The dimethylacetal 27 was dissolved in anhydrous 
benzene (20 ml) and phosphorus pentoxide (4 g) was added. 
The mixture was refluxed for 1h, and additional phosphorus 
pentoxide (2 g) was added and reflux continued for 1h. 

The reaction mixture was allowed to cool and the benzene 
layer was decanted off. The dark brown residue was 
washed well with ether and the washings combined with the 
benzene layer. The combined organic layers were then 
concentrated under reduced pressure and distilled 

(98°/12 torr) to give a colorless liquid (6.2 g, 87%) 


which was a 65:35 mixture of E- and Z-enol ethers, 28a 
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and 28b respectively. 
th (fam),: 1055; L640". LACo (Dip 2 oe L095, 9.40:, 


Siren Wes 


*HMR (CDC1,) : 66.19° (dy J = "hs Hz, 28a CH=CH-OCH,), 

yO NG sen 7 H2y 28 CH=CH-OCH,), Deb (Dd, p= 3 Phe 
28a CH=CH-OCH,), 4.15, (Dd, aieae 7, AZ, 28b CH=CH-OCH,), 
Sos (Sy OCH,), P95 Am Waiey bec), 0.98 (Ss; CH, (2)). 

MS: m/e calcd. for C1545 90: ESO. 5 14, 

Romie cie OOe LoL) (91) Soot rOO)} ris 123) 5° 133(46)\,. 123032); 
Wane eo!) , LOIN SS) GeLooteool, Jo (20), 93:¢42)., 
Peta O25), I9( 36). Iles) pelo eo); 04(23),) 55 (32)., 
7320). 

ANALYSIS.) calcd. ;f£or C1 2H 90? SE USE RIES ie a ind ats ee 

Bomna cu) ..6 5, Hi Ll oa. 


4,4,108-Trimethy1l-7-methoxy-8,9-dicarbomethoxy-5, 8-hexalin, 


30a, b 


A solution of dienes 28a, b (1.90 g, 10.6 mmole), and 
dimethyl acetylenedicarboxylate (2.56 g,18.1 mmole) in 
anhydrous xylene (2 ml) were heated in a sealed tube at 
130° for 7 days and then concentrated under pended 
pressure to a brown liquid. Column chromatography 
(2% methanol in benzene) gave the viscous adducts 30a, b 


(L553 dy) 455) 7 Re 0.6 (CHC1,/PhH/CH,0H, 10:10:1) as an 


equimixture of 30a (7a-methoxy) and 30b (7B-methoxy). 
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DRe CEs im): ESO Le O los Oye bas 5) i260 8 LONG 1080 cm +, 


*HMR(CDC1,): 65.87 (d, J = 5.5 Hz, 30b H-6), 

Seely (0-242, Janno yy asec. (ad, O° =) 5.5) Hz, 30b 
eee nOs Nd, ed, "2.50 he, Ue How), 3. fo (Sy COOCH,), 
S22. KS, UD, OCH), 3.26 (5S, 30a, OCH), Vo O47) a0, 
Peep 24 leo, Lee tS: CH,). 

MS: m/e calcd. FOr Cy gH ,60.: O22. lehSO, 

Ounces tole. 1/02(47)), 2IOG00), 27551), 263161) , 
Bec) ooo (29), L240 C4l enc aoneiy, 24353), 23.1047) > 
Beas 207 (22), "19 S(Aay,. Iv (26), 129 (22), 215 (24)2, 
eee, eo 2a), SO(34) 7 Joao) 5938),  55(35)is 
ANALVGLGe Calcd. for C1 gH 695: CGO, HO or 


momma 6c. Oo. O10 ; H' 7-91. 
a74—-Dimethyl—-8,9-dicarbomethoxy—o 7 /,7-tetralin, 31 


Compound 31 was isolated from the column chromatography 
deseriped for 30a, b, ‘as a colorless, Tiquidy (0.35 .G)), 


Ke 0.6 (CHC1,/PhH/CH,0H, VOR Ost 


1g 
UV (CH,0H) Me eee) PE DAZ C1 0ste 00), re 19. Clee OO ure oe (a 0.0.) nil. 
Bea ( tte tn) 2 1,/30;, 1655 4 bo oUye O60 Lao Ure 2247.0 cm, 


limR(CDC1,): 67-82 (d, 1, J = 8 Hz, H-7(H-6)), 

7.44 Cd; Lie d.= ei BPA H-6(H-7)), 3.91 (Sy aor COOCH,), 
Oro tts, 37 COOCH,), 1'"2 Oasys OF CH,)- 

Ms: m/e caicd. for C16 Ho 40g? 28021674, 


Pana OS0C LG TOC2);, 2IO to eee e4( 00), (2290); 220s he 


4 N 
q al 
> y a, | 4 As) 5 
eee 7 7 
Sota Baas , 
Ae i } 
{ ait a) , 4 ; 
‘. 4 5,8 
da oe 
va 
ts) 
, ~ ‘ . ' 
wf 
‘ 


ips ee (i oo © 
En ed th age tne 
pt ae ee o> yes 
JG ohh, ue hg hail 


pres) a et . 
Mr re Ne, bi al ay, AN) a 


a | ¢ y Ur cary on : nit gi, 
” 7 ee Ph ON ea 


he ig | ou ai 7 , 
Paak  da 3 sae Way 


ae Dah ras ie 

oy * a , { 

wh Hi 7 ' y 
ey ai 


i 
: a . i af i i 
} i I 1 asp A a4 A : a. My ay ; jee 
7 ¥ ‘ aM "a we Pe | ; | y 
: iW 1 R J ed » 4 4 *~ hee Ps é e. Ee as wy 
aed aie tend tlt wary ong 
‘a ; . a i ae 
be reiki) ; exe a 
¢ Aa rhe 7 a hh : 
Ee eA ih: Es eh 
aN tail A a aly 


; ed iot\ ee 
¥ aD | ow (a 
neh SOR AD 


ts A , te Bs in " 


87 


a7], 1 0p-irimethy 1-38, 9-dicarbomethoxy~trans-8-octalin, 36 


ROCMCES so0a, D0 .aZ2 aq )s and, 10%. Pd=C. (0.229). was 
stirred in methanol (10 ml) at room temperature under a 
slight positive pressure of hydrogen. After 1h, hydrogen 
uptake was very slow and the reaction mixture was 
filtered and the solvent distilled at atmospheric pressure. 
Preparative tlc (CHC1,/CH,OH, 502 b) gave Oetalin) 36 -asca 


colorless liquid (0.2.¢,, 52%), Rk. 0.8. 


£ 
ee a 1735) 1440) o90m 370" 91320712607 1075+ 
10300 cn>-. 
1 


HMR(CDC1,) : OSs C0 (Simos COOCH,), Sa.G47 (S55), COOCH,), 
Geo a2, a Wy StS HZ) ued ye 30 (si, 3, CH), LeLOp ts, 
2 

35 CH3), Oe Sie Sry, e34 CH). 
Mor mse. calcd. £LOr C1 7H 604: 294.18 31% 
found:  294.1829'(44)',, 26246)5 28454) 7219419) 754)’, 
Test 30s 139 (26), 124.660) > be s.( 23) 7) 1095100), 2v0s.024)., 
S126) 81.(20))) 69 (21) i059 (200e a> on 20)e 
4,4,108-Trimethy1-8,9-dihydroxymethyl-trans-8-octalin, 39 
Bie alich awit in is We Si Ut Ss 3 Ue eG ee 

Adducts 30a, b (350 mg, 1.1 mmole), platinum oxide 
(200-300 mg), and ether (5 ml) was stirred at room tem~ 
perature under a slight positive pressure of hydrogen. 
After 4h, the mixture was filtered and lithium aluminum 


hydride (110 mg, 2.4 mmole) was added slowly through a 


condenser into the ethereal solution of the hydrogenated 
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product. After stirring at room temperature for 20 min, 
water (10 ml) and 1N NaOH (10 ml) was added carefully. 

The resulting mixture was extracted with ether (2x) and 
the combined ethereal extracts were dried (MgSO,) and 

concentrated under reduced pressure to give a colorless 
Sr. 1200 mg). Column chromatography (CHC1,/CH,0H, 20321) 
Geave 130 as a cofenless. O1li(a7) mq,4122%), Ro 0.6 (CHC1,/ 


£ 


CHuZOH, 9:1) « 


3 

IR(CHC1,): 3620, 34257 ooo, 450, 1390, 1365, 990 cm™ +, 

MHMR(CDCL,): 64.24 (s, 2, H-12(H-11), 4.08 (Sy 2, 

Pet(h—12)).,.. 1.10 (s,.'3;, CH3), es O) La S75 Sy CH,), 

VeI2) CSi7..3', CH). 

Bcus(epCl.): 142.5, Laeeo,patez, 58.6, 49.9, 41:9, 36.9; 

CA eo eis Le 97 She Ae OO meee eo Los OmppMs 

MS2eui7e. calcd. for C1 5H 60>: 23841933); 

found: 238.1934 (6), 220(40) 7 205 (17)... 203 (20)) 1189 (46), 

WOM 2G) 13S (23%) Ll (42) ek ee oe Lomo ti) 709 (1,09): , 

MCS) LOS 647); SO COZ) ON OMe ory Boe iy COL GLO) i 

79(42)...97(28), 69(100), 62744) 55477), 2322). 
Chromatography also gave four other compounds: 


Isomers 40 as a colorless oil (18 mg, 7%), R, 0-7, which 


was further purified and characterized as derivatives 42 


and 43, and diols Al. 
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4,4,108-Trimethyl-8,9-dihydroxymethyl-trans-decalin, 41 


Compounds 41 were isolated from the chromatography of 
Ove PLotss4! were obtained as a white solid” (93mg, 35%) ; 


Rp O25 (CHC1,/CH,0H, Sagal by 


IR(CHC1,): 56507) 3400 elaoo, 390 1370" L1030%cm 
ie 


L 

HMR (CDC1,): OS. 75 (ae thi be ts LO: (Sy CH), 

Toot (Ss, CH3), Ono Tse CH,(2)), O31 is, CH, (2)). 

me. we calcd. for C1545 30>: 240.2099, 

Panes Vl40S2060l2) wos zii er 207 (20), 192:(21), (189:(26), 
fess), 123485), 122 (ol ee 20 (33),  109(76)%, )107 (45), 

BUS so) 95 (c0), 93 (479, Shee ceo), 79643) 77(25)%, 


ee ao re OF (POO), © 67057 9, mod eee Oo CGF PO 3:( 25) 


4,4,108-Trimethy1-8,9-dihydroxymethyl-trans-7-octalin 


Acetonides, 42 


Alcohols 40 (see experimental of 39) (62 mg) in 
2,2-dimethoxypropane (1 ml) with a catalytic amount of 
p-TsOH-H,O were stirred at room temperature for 5 h and 
then diluted with ether. The ethereal solution was 
washed with saturated NaHCO, solution (2x) and water; 
dried (MgSO,); and concentrated under reduced pressure to 
give a colorless oil (66 mg). Preparative tlc of the 


crude products yielded 42 as a colorless oil (52 mg), 


re elo 
Re 0.9 (CHC1,/CH,0H 0:1) 


TRUE Im): 1460) “13807 Lay opei 220, “LOU USO; L015; 
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HMR (CDC1,): OD s02s(my BH=%) (64.907) 4.526. km, SH-22)5 


ope (my Bia 1): 


*Scmr (CDC13) : VS 650, See py Less) P2457 LOUe an Gin 4: 


CerOmm 2 SO we 2.2, 1937 828, 14.7 ppm. (The six quater-— 
nary carbon signals were less intense and not observed.) 
Chemical Ionization (NH, ) MS shows the M+ 18 (m/e 296) 
and M+ 35.(m/fe 313) peaks. 

MSonam/evcalcd. for C1 gH390>? 278.2246, 

eGunas ) 270.42244 (3) 7 i243(16 090 (100) 7 75 (23), 119 (25), 
BOO Cao 105:033)) 933) ress 20. 


47 4,.0p-Trimethy 1-8, 9-dracetoxymethyi-~Crans—/-octalin, 43 


aq EEE 


A solution of alcohols, 40) (see experimental of 39) 


he) 


(25 mg) in pyridine (0.1 ml) with acetic anhydride (0.1 ml) 


was allowed to stand at room temperature overnight; diluted 


with pentane; washed with water (5x), and saturated 


NaHCO. solution; dried (MgSO,); and concentrated under 


3 
reduced pressure. Preparative tlc (pentane/ether, 4:1, 


double elution) gave the diacetates 43 as a colorless oil 


G3i<tag )i; R- 0.5 (pentane/ether, 2:1); 
DEE nk eh F720, LaeOy MIGeONmI Gs) (12407 mLo2seemom 
1 


HMR (CDC1,) : 65.,8 Sie(m,, Have 4. 52, (DSi eH L208 
A:2 (m, H-11), 2.03 (s, OAc), 2.00 (s, OAc), 1.21, 1.91, 


OF90 0487770. 85, 0-820 ts, CH). 
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‘cmp (CDCL,) : USO C4 eS MOCO Oe) OA sO, 62.95 B93 y 


More ee Olt, 64 eed, So. Oy SOO, Some, 34% Oy, Soe Ly oles 
ea eS Olean 29 6 Vip 21 ie Clg 20 ea aac Of Lie oi, 20.9 t2)), 0019. Oy 
19.0, 186 ppm. (Due to the small amount of sample 

avai lable, signals .from, C-4,.(C—3,.C-10, and the carbonyl 
carbons were not observed. ) 

Chemical Ionization (NH) MS shows the 2M + 18 (m/e 662) 
and M+ 18 (m/e 340) peaks. 


Poem /,e calcd. for CL ._He20 262. 1933, 


Li 2Gaen 

mound: 9262.1937(31). 202179) 189(33)> 187 (42) + 159'(30),, 
BAG 22.) 133 (40), 132(24), teas), 11963), 11834), 
MooNTOO) 107121), 105(35)7 95 ted), Ol(s2), B1t23) ; 


Woe 4) e09 (2) 7 SS CLE). 


4,4,108-Trimethy1-88 , 98-dihydroxymethy1-8a,9a-epoxy— 


trans-decalin, 44 


A solution of alkene 39 (9 mg, 0.038 mmole) and 85% 
m-chloroperbenzoic acid (11 mg, 0.054 mmole) in chloroform 
were refluxed for 40 min.; cooled; washed with 10% Na,SO, 
solution, saturated NaHCO, solution (2x), and.water; 
dried (MgSO); and concentrated under reduced pressure to 
give 44 as a colorless oil (9 mg, 94%), Rp 0.65 (CHC1>/ 

CH OH, cos L)i. 


3 
S =a 
IR(CHC1,): 3625, 3495, 24707 1395). 1385, 1365, 10407cmis. 
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“HMR (CDC1,) : 63.63 (m, 4, H-1l, H-12); 1.25 (s, 3, cH,), 
ea (pat) §CHs lal 0,90n(S4y3,\/CH,). 
MS: m/e 254(3), 236(7), 177(21), 156(100), 139(37), 


Poa) ales (26), \L1i (21) 109422)» 86(28), 8444). 


4,4,108-Trimethyl-8,9-dihydroxymethyl-trans-8-octalin 
= SSA Rn eee ee ee eee 


Acetonide, 46 


A solution of diol 39 (45 mg) in 2,2-dimethoxypropane 
(0.5 ml) with a catalytic amount of p-TSOH-H,O was allowed 
to stand at room temperature for 3 h. The resulting 
solution was then washed with saturated NaCl solution (2x) = 
dried (MgSO,), and concentrated under reduced pressure to 
Gave acetonide 46 as a colorless oil (47 mg, 90%). 
PCa Lin): VAS 14500) BeoCr mvs One 2207 1165 7 10954 


HO20) 835 cml. 


*HMR(CDC1,): 63.7-4.4 (m, 4, H-1l, H-12), 1.88 (m, 2, 
Hep le 42 (S46, CH3), Da lOe (Soe CH,), On 29 aS a0, CH). 
MS: m/e calcd. for Ci gH39°>: Zuo ce224or 

BOUNG = pone 1,0). 240 (1 3 )uarh owe 0 hs ey 20 5) oer Loe (41) 1906100 )s, 
LOK 1) 7175 (25): 149429) 1474) 35428)5, 33 435) 
W2SK433 121056). 119 (58)5 809 (oa)s a 07507. 8) Gael Os Gece O5169)), 
Bei 54d)a9 1 C64)).,. S165): 2s JIRA De oy OSL) ean) 2S Ta, Oo lL), 


67-(43),7°58(71); 55(65). 
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4,4,108-Trimethy1-88, 98-dihydroxymethyl-8a,9a-epoxy- 


trans-decalin Acetonide, 47 


A solution of acetonide 46 (45 mg, 0.15 mmole) and 
85% m-chloroperbenzoic acid (46 mg, 0.23 mmole) in methylene 
Chloride (1 ml) was refluxed for 1.5 h; cooled; washed with 
103 Na,S0, solution, saturated NaHCO., solution, and water; 
dried (MgSO,); and concentrated under reduced pressure 
©O Give quantitatively 47 as ‘aicolorless oil. 
RICE lin): P4697 2450) lV ooUrmels O92 20; /LLOo7 lL LOS, 
eOcO, 1035, 900, 885, 840. 
*HMR (CDC1,) : Secor Weatwi 202 eb eye ee 
Melo t.08,, 0.3/7 (Ss, 3: seach: CH3)-. 


Maeeem/e calcd.” for C DIALS 


1g) 3035 
Pound 294. DT 97K 39279029 mao (2 20640), 191 (27), 
De SES ee 220). 21927) e096). LOT (89 105.(3 5). 

Ge (anise Ga(Sivee 91.61), 81169) -79066)). 77046)... 69082), 


S67) 05 (23) 4 799 (40)7 55,6100) 7a 3C49 je 


Reaction of Epoxy Acetonide 47 with n-Bu-Li 


To va. stirred solution of, 47. | (~50\img;,,.0- 15> mmole) sin 
anhydrous ether (2 ml) under nitrogen, was added n-BuLi/ 
hexane (2.5 M, 0.15 ml, 0.37 mmole) at 0c.) After stirring 
at 0° for 15 min, the reaction flask was allowed to warm 
slowly to room temperature and stirred further for 30 min. 


Water was added and the ethereal layer was washed with 
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water, dried (MgSO,), and concentrated under reduced 
pressure to give a colorless oil (~50 mg). 

IR(CHC1,): 3560 4) 34807 169 5,7 1055, 91630, 1460, 1380: 
1120, 830 cm?, 

*HMR (CDC1,) : 66.0 (s, vinyl of 49(50)), 5.8 (bdd, vinyl 
of 48). 

Preparative tlc (CHC1,/CH,0H, 20:1) of the reaction pro- 
ducts above gave only one major component as a colorless 


oil i(llmg, R, 0.6), probably 49. 


£ 
IR(CHC1,): 3060 1630), ola 5 5oul 380.13 7.5 0 B20 811 00 cm? , 
“HMR (CDC1) : 0.6203 o(Siawlieeliln ep esa oui d, shyt ths b2 shay 
Pte ae AC lit Slo ghz oe!) ake 4 4 (S549, CH3), 


a0 6, 6S. 9 3-, CH3), 0094 .(o es, CH3)- 


Reaction of Epoxy Acetonide 47 with Lithium 


Diisopropylamide and Hydrolysis of the Reaction Products 


to give’ Furanoid 53 


To a stirred solution of diisopropylamine (0.04 ml, 
0.30 mmole) in anhydrous ether (1 ml) under nitrogen, was 
added n-BuLi/hexane (2.5 M, 0.10 m1, 0.25 mmole). ~ After 
stirring for 5 min, a solution of 4% (15 mg, 0.05 mmole) 
in ether (1 ml) was added. The resulting solution was 
refluxed for lh and then quenched with saturated NaCl 
solution. The ethereal layer was dried (MgSO ,) and 


concentrated under reduced pressure to give a pale yellow 
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Oil (i2°mg), alty lic ialeconots), 49rand7or 50. 
IR(film): B200 LOGO mento. 507) 1370) 12205 (L120, 


Si ee 


BHuEiepeta ye) 65.86 (m, Ua vinyd)y 4.14 (a; 1, J = 11-5 Bz, 
Cet) t-OR} 3.5) (a, 17) de ieoehz,) ~C(H)H-OR), 1.37 
(s7.6% CH3), et2 23 5(Siyo hon CH), Wee GuiCS 25) CH3), 

oon (Sy oS CH3)- 

The above allylic alcohol(s) were dissolved in THF/ 
water (5:1, 1 ml) and a few drops of 1N perchloric acid 
added. After standing at room temperature for 2h, the 
THF was evaporated under reduced pressure and the residue 
diluted with ether. The ethereal layer was then washed 
with saturated NaHCO, solution, aried (MgSO,), and con- 
centrated under reduced pressure to give an oil (8 mg), 

Ry 0.95 (CHC1,/CH,OH, 20:1), tentatively assigned structure 
53. 


IR(CHC1,): 1478, 2462, 1455, 21390, °1380:;,,.1365, 1040, 


Se oes 


*HMR (CDC1,) : $7210 Ve 1 ae Me Het oye 1S (es CH.) ; 


Oe S aco, CH3), 0: G6 27a Sys 2a, CH3)- 
MSs) m/e calcd. for C1 54520: 2S 6h ves, 
found: 218.1674(29), 203(100), 69(29). 
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In an investigation of the culture broth of the 
bird's nest fungus Cyathus bulleri Brodie, the metabolite 
cybullol was isolated and 1 was proposed as its structure 
based on chemical and spectral evidence.” To obtain 
further Support Of the structune, particularly the 
stereochemistry of the ring junction, the 13 om spectrum 
of cypullor (1) was decermined.” It’ was, thought that the 
shielding of the angular methyl carbon could readily 
distinguish a 10-methy1-trans-decal-5-ol from a 
10-methy1-cis-decal-5-01.? It is known that when oxygen 


is bonded to a quaternary carbon, the antiperiplanar 


y-carbons are only slightly deshielded (1-2 ppm) as 


HO, 


* 
Steroid numbering is used to name the compounds 
described in Part III of this thesis. 
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indicated in l-substituted bicyclo [2.2.2]octanes and 
Baan cane and steroidal Seat ole Furthermore, 
in 10-methyl-trans-decalins an equatorial hydroxyl 
substituent at C-2 deshields the angular methyl carbon 
by only 1 ppm.” Incorporating these small antiperiplanar 
y effects, we therefore expected an angular methyl 
shielding near IS ~ppmeforvthe trans “ing ‘structure 1 
Since there was good evidence that the other substituents 
Wermenequatorial.. ‘Onithesother hand;iia ‘cis’ ring junction 
for lewith the y gauche hydroxylvat C-5 would be, expected 
to shield the angular methyl carbon by about 6 ppm 
relativeytOwits positiongin 10-methy1-cis-decalin® tora 
value of about 22, ppm.. Thus the 13 omer spectrum could be 
used to assign the stereochemistry of the ring junction. 
A value of 21.1 ppm was obtained for the angular 
methyl shielding in cybullol which pointed to the structure 
with thecis ring junction. However, cybullol did in 
fact have the trans: ring junceLona ing structure yl. proven 
by its conversion~ to the known, metabolite. (>)-geosmin (2), 
whose structure had been established by stereoselective 
synthesis. ’ This unusual??® deshielding of the anti- 
periplanar angular methyl by the 5a-hydroxyl in cybullol 
initiated avstudy,ot, the jetfectein related .Osmethy lo 


decalols. 
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To study the deshielding antiperiplanar effect of 
y-substituents in 13 mr, we undertook the synthesis of 
(pii-geosmin (2) and some retarted 10-methyldecalols. | In 
order to firmly establish the ring junction stereochemistry 
in these compounds, an unambiguous synthesis of at least 
one of the decalols 3 and a? was necessary. The synthetic 


Planeis Outlined, in Figure. li.) in thetfourth step of the 


i) 
Jw 
|> 


scheme, the epoxide mixture 9 and 10 would be separated 
and characterized as their bromohydrin derivatives 11 and 
12 respectively. The stereochemistry of each bromohydrin 
could be directly assigned from the nature of the C-4 
hydrogen coupling in the Limr spectrum. The trans ring 
junction bromohydrin 11 would show only equatorial-axial 
and equatorial-equatorial coupling for the C-4 hydrogen, 
whereas the cis ring junction bormohydrin 12 would 


exhibit axial-axial and axial-equatorial coupling 
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Figure’ 1. °*The bromohydrinenoute to 10-methyldecal-S-ols. 
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tor the, Go4 hydrogen. ~Alnegoeomohydrins. bi and» 12 

could be converted into their respective.epoxides 9.and 
10 an jwhich»the stereochemistry ‘would be, secure. Hydride 
reductt&on of the epoxides could then provide the desired 
decalols.3,and.4 of ;provensstereochemistry. 

Octalone 5 was, prepared under acidic conditions 
from 2-methylcyclohexanone and 4-chloro-2-butanone by 
the method of Heathcock. 1? The octalone 5 was then 
converted to octalin 8 via compounds 6 and 7 by succesive 
lithium aluminum hydride reduction, acetylation, and 
treatment with lithium/ethylamine according to Marshall 
and Hoehstetler. Epoxidation” of 8 with m-chloroperben- 
zoic acid gave the epoxide mixture 9 and 10 (70:30 
respectively, as determined by limr). The epoxide mixture 
was homogeneous by thin layer chromatography (tlc). 
Attempts to separate the mixture by gas chromatography (gc) 
employing various columns (OV-225, 5% Carbowax 20M, 20% 
Zonyv 1) Ef al0S 6, B '-oxydipropilonitrmbe}i failed: 

Separation of the two components could however be 
effected at the next stage of the synthetic sequence. The 
bromohydrins 11 and 12 would likely be more readily 
separated. Treatment of the epoxide mixture 9 and 10 
with HBr/HOAc was only partly successful, giving several 
products, one of which was the desired cis ring junction 


bromohydrin 12. Bromohydrin 11 was not detected. 
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It was anticipated the desired bromohydrins 11 and 
W2 couldy also be formed directly from octalin 8. Treatment 
of 8 with NBS and water in pmsot? gave numerous products 
which could not be identified after separation by 
preparative tlc. Different reagents such as 
N-bromoacetamide/sodium acetate in aqueous acetone did 
not react with 8 to produce the desired bromohydrins 
11 and 12. 


It has been reported’ that ne 


-steroids have been 
converted into 9-bromo-ll-hydroxy steroids using 
N-bromoacetamide/perchloric acid in aqueous dioxane. 
Employing similar conditions the bromohydrins 13 and 14 


could not be formed from 8. Numerous undesirable compounds 


were obtained from the reaction. 


Treatment of octalin 8 with acetyl hypobromite in carbon 


feeraciheride. could yield the bromoacetates 15 and 16 


which after separation, identification, and saponification 
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would yield the stereochemically assigned epoxides 10 
and 9 respectively. However the use of this method did 
not result in the desired bromoacetates, giving mostly 
unreacted 8. 

Conversion of the epoxide mixture 9 and 10 into 
their corresponding diols) land cr appeared’ to be an 
attractive alternative, as outlined in Figure 2. Diols 
17 and 18 would be separated and characterized as planned 
for the bromohydrins above. The secondary hydroxyl 
groups in 17 and 18 could then be converted into leaving 
groups such as in mesylates 19 and 20 which nee base 
treatment would form the epoxides 9 and 10, direct 


precursors to the desired decalols 3 and 4, respectively. 
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The diol route, to 10-methyidecal-5S-ols. 
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Reaction of the epoxide mixture 9 and 10 with 
aqueous perchloric acid in acetone? gave the crystalline 
Grol iiyiny 70e yield Promo.) ) Diol 18 was isolated: in 
only small amounts from the reaction. Characterization 
of ive trans ring juncticnidiol 17 -1is discussed first 
followed by a spectral analysis of the cis ring junction 
diol 18. 

Diol 17 shows a sharp hydroxyl band (3630 cm‘) in 
its high dilution ir spectrum as expected for a 
Wre-Enans-diaxial diols “inves amr spectrum, the 
hydrogen geminal to the C-4 hydroxyl group appears as a 
triplet with a small coupling constant of 3;\Hz, consistent 
with the anticipated equatorial-equatorial and 
equatorial-axial couplings with the C-3 hydrogens. The 
angular methyl group gives a singlet at 61.23. It is 
known that chemical shifts in Lm depend on the nature 
ef thevsolvent used. ‘In the case, of l0-methyl-trans- 
decal-5-ols, samples in pyridine solvent shift angular 
methyl signals downfield by 0.03 to 0.05 ppm relative to 
the samples in chloroform solvent.?° the trans ring 
junction diol 17 however exhibits a downfield pyridine 
Shift Of, 0.3/7 ppm. It was @chovugme, that: ithe large’ shite 
is due to the dramatic efiece or the 1,3-diaxial hydroxyl 
at C-4. A contact pyridine shift with the C-4 hydroxyl 


on the C-10 angular methyl can cause such a large 
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downfield shift. t® Confirmation of this hypothesis 
was obtained by acetylation of the C-4 hydroxyl group. 
The monoacetyl derivative shows only a 0.09 ppm downfield 
Dvitdine shirt.— Althougn thas pyridine) shift is still 
Peauger ethan jorediicted tor saw 0-methy l-=trans—decal—5-ol, 
Ehis may be due simply to the anisotropy effect of the 
acetate carbonyl. 

ipeehesinirered) -enemciceringajunctzon diol 18 shows 
a slightly broadened hydroxyl absorption (3600 cn *) 
independent of concentration as indicated by a dilution 
study. This intramolecularly H-bonded absorption supports 
the HW 72-dvequatorial naturesou ene nydroxyis vin 18. “The 
hydrogen geminal to the C-4 hydroxyl group appears in 
ehe 1m Spectrum as a multiplet with Wy. = 18 Hz, 
consistent with the axial-equatorial and axial-axial 
couplings expected from structure, 1S 5 the angular 
methyl signal at 60.96 has a downfield pyridine shift of 
O22 pom, (in accord. with Wenkert's?® Pred? clon ior the 
10-methyl-cis-decal-5-ol system. 

The next step in the above scheme (Figure 2) was to 
convert the secondary hydroxyls of 17 and 18 into good 
leaving groups. However, reactions were not carried 
out with diol 18 since it was available in only small 


quantities. Trans ring junction diols li ewaseureaced 


Withomesy | chloride’ in pyridine.) the mesylate: 19. 
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was not isolated under the basic reaction 
eonditvons. lIntermedraremymunderwent ining closure,to 
produce epoxide 9 in moderate overall yield. Epoxide 9 
was then converted quantitatively to the trans decalol 3 
using lithium aluminum hydride. Thus we have achieved 
an unequivocal synthesis’ of the desired decalol 3 of 
proven stereochemistry. Decalol 3 can now be used as a 
reference for substituted 10-methyldecal-5-ols. 

We next set out to synthesize (+)-gesomin (2) and its 


€pimers 21, Pine and eZee tex 13 omr analysis. A synthetic 
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Decalols 3 and 4 were later synthesized by Dr. L.M. 
Browne via a stereochemically ambiguous, but more 
efficient’, route.1© Octalone 5 was epoxidized and treated 


to Wharton reaction conditions. Subsequent separation of 
the allylic alcohols and hydrogenation gave 3 and 4. 
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approach stosthe .\dimethyldecalots«2liand 22 is outlined 


THIRTSueS »3.. 


couldpyield the epoxy iketonese254a,) ib. 


Starting from octalone 24, epoxidation 


Treatment of 


Zoa, Digto Wharton reactiomreonditions,could «thenigive othe 


Pug uner 3: 


Synthetic plan to dimethyldecalols 
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allylgepalcohols 2opandiZs. mSeparation jofAZ6yand 27 
followed by hydroxyl directed hydrogenation could then 
pRhoducesthe desiredidamethyldecalols:21lsand.22. 

Octalone 24 was prepared from 2-methylcyclohexanone 
and l-chloro-3-pentanone according to the procedure of 
ere icus Epoxidation of 24 was accomplished with 
alkaline hydrogen peroxide in a manner similar to that 
used by Kuehne and Nelson, +® to obtain 25a and 25b in 
a 6:5 ratio, respectively. Treatment of the epoxy ketones 
25a, b with hydrazine hydrate and acetic acid in methanol 
gave the Wharton reaction products 26 and 27. However 
26 and 27 could not be separated by chromatography. 

Silica gel tlc and gc (Carbowax 20 M) provided 26, but 
none of the isomer 27. Diene 28, (see experimental) was 
also isolated from the above chromatography of the Wharton 


reaction products. Dehydration of alcohol 27 was probably 


the source of 28 since 27 could not be isolated from the 


Wharton reaction. 
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Because the separation of 26 and 27 was not 
feasibte, hydrogenation om the; mixture to give 21 and 22 
followed by separation of the products appeared to be 
envatekactive alterndtive.. | benydration, Of 2) and: 22 
would be less likely since an allylic cation would no 
Honger beypossible as invablvire alcohols 26 and 27. 
Unfortunately Ayarogemacsen GOfeiermixture 26 and 27) was 
noe tctally successful. Wheng26 and 27 in ether was 
hydrogenated in the presence of platinum oxide at 50 psi, 
only 21 was afer 6) Compound 27 did not react under 
these conditions. Different conditions for the 
hydrogenation of 26 and 27 employing Pd-C/Et ,N/ether 
resulted in mostly hydrogenolyzed products and some 
starting material. 

Compound 22 was later synthesized’ from octalone 
pone by successive epoxidation, Wharton, and pydeogenation 
reactions. 

A synthetic plan (see Figure 4) to geosmin (2) and 
isomer 23 utilizes an alkylation reaction with lithium 
dimethylcuprate and a,B-epoxy oximes developed by Corey 
and co-workers. 7° Octalone 5 was epoxidized with alkaline 


hydrogen peroxide to give a mixture of the a- and 


* 
The experiment was performed by Dr. L.M. Browne. 
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Figure 4. The alkylative oxime route to geosmin (2) 


and dimethyldecalol 23. 
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B-epoxides 30a and 30b nes peecivelyou® Epoxide 30b 

Wasa Lormedsin, slightlyyhigher* yield than 30a." *Oxime 
formation~° by treatment of 30a, b with hydroxylamine 
hydrochloride and sodium acetate yielded 3la, b 
quantitatively. Treatment of the a,f-epoxy oximes 

3la, " with lithium dimethylcuprate was expected to give 
therequatoriallymethy lated products 32 and 33. 
Unfortunately, only starting materials were recovered 
EEO the reaction. 


Another Synthetilcyappreach) tO,geosmin (2) and 
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Figure 5. The dissolving metal route to geosmin (2) 


and dimethyldecalol 23. 
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reductvonyotgepoxy<ketonesyZ5a, b) could. form ;the) more 
stable equatorial methyl ketols 34 and 35. Transformation 
of the ketone function into methylene would then produce 
geosmin (2) and dimethyldecalol 23. The reduction of 

25a, abauo tthe.g-ketols 34 and 35 was first tested using 
sodium in liquid ammonia. This reaction was unsuccessful, 
producing) in low. yieldythe oversneduced diol 36 as the 


major product. Performing the reduction of the epoxy 


ketone mixture 25a, b with lithium in liquid ammonia 

gave much improved results. Ketol 34 was isolated in 

53% yield (from 25a) after recrystallization. The mother 
liquors from the recrystallization contained about 
another 20% of 34 plus mostly unreacted 25a, b and some 
octalone 24. No $-ketol 35 was isolated. In an attempt 
to improve the yield of the dissolving metal reduction, 
lithium in the higher boiling solvent ethylamine was 
reacted with 25a, b. However this reaction resulted 


in mainly octalone 24 and diol 36. 
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Reductive deoxygenation of the ketone function in 
34 would provide (+)=geosmin “(2).. It was desirable to 
remove the carbonyl under mild and essentially neutral 
conditions in order to avoid dehydration of the sensitive 
B-hydroxyl group. The eaeiori ae reaction appeared to 
be the method of choice. Repeated reduction attempts 
on 34 with tosyl hydrazine and sodium borohydride 
proved unsatisfactory. Only minor amounts of geosmin 
were produced. The major product was dehydrated 
tosylhydrazone 37 along with some starting material. 
An experiment designed to lead to the isolation of the 


intermediate hydroxy tosylhydrazone 38 after the Fircse 


TsNHN TsNHN 


step of the Caglioti reaction yielded some 38) but 

about 40% of 38 had dehydrated to 37 even before all of 
the starting B-ketol 34 had reacted. Thus it appeared 
that the rate of dehydration of 38 was comparable to 

the rate of its formation. Part of the problem could be 
that the carbonyl function in 34 is somewhat sterically 
hindered being adjacent to a tertiary center. As 


described by juteninsece hindered carbonyls can be 
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Li? 
selectively deoxygenated with tosylhydrazine, 
p-toluenesulfonic acid, and sodium cyanoborohydride in 
dimethylformamide-sulfolane. This method was used with 
ketol 34, however the reaction gave only very small 
amounts of the yee geosmin (2). 

Thioacetalization of 34 and subsequent desulfurization 
was a possible method for converting ketol 34 into geosmin. 
Employing mild cond eieneee Te. ethanedi thiol and 
boron trifluoride etherate in glacial acetic acid, ketol 34 


gave compounds 39 and 40, presumably via intermediate rie 


The formation of the undesirable products 39 and 40 


was quite disheartening. 
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It appeared that deoxygenation of the 8-ketol 
sa ywouldsbe very- ditficultvir dehydration was such a 
Lapid process. (lo monitor tie dehydration rate of 34 
under acidic conditions, ketol 34 was dissolved in 
Glacial acetic acid andallowed\ to stand at room 
temperature for 5 minutes followed by immediate work-up. 
No dehydration products were detected. Only the starting 
B-ketol 34 was isolated. Buoyed by the results of this 
experiment, thioacetalization of 34 was attempted again; 
this time using only minute amounts of boron trifluoride 
etherate in glacial acetic acid with ethanedithiol, and 
with shorter reaction time. The hydroxy thioacetal 42 


was produced in excellent yield! Treating 42 with 


Raney-nickel effected the required desulfurization to 
produce geosmin (2) quantitatively. The overall yield 
of (+)-geosmin from the readily available octalone 24 


was 24%. The crystalline geosmin obtained was identical 
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instr, Sita ms, and tle behavior with authentic 
(-)-geosmin.~’ Geosmin has not previously been 
Obtained aAnesecrystallineform. JLt is) interesting jto.note 
that the crystalline material has the characteristic 
‘earthy' aroma’° of natural geosmin. 

The typical odor of freshly plowed soil has intrigued 
Scientists for almost a century. -The-compound geosmin 
(from the Greek "ge" = earth and "osme" = odor) has been 
found to be responsible for the odor associated with 
poco In dilute aqueous solution geosmin has a 
Characteristic, 'earthy* aroma and an¥odor threshold of 
SF epacts abn prone Geosmin was first isolated from the 
soil inhabiting microorganism actinomycetes by Gerber 
and Mechevalier.°* Since then geosmin has been identified 
as the substance causing the earthy taste and odor 


Zoe IN8, 30 


problems in water supplies, Erout, beets, and 


peenee oa The structure and relative stereochemistry of 
geosmin was proven by Marshall and Hochstetler's synthesis 
of the racemic form. | However, «the absolute stereo; 
chemistry of (-)-geosmin was not determined until 1976 
when Ayer and Paice transformed the metabolite cybullol 
into (jeceeemins. 

Compounds 2, 3, 4, 21,,and Ze .are snow available 
for 13 omr analysis of the deshielding antiperiplanar 


effect of y-substituents in decalin systems. The 
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shielding data for these compounds as well as decalins 
Bo peo son are given aiehaguresmo,and Jeand Tables] and 
2. ‘The 13 cnr Signal assignments were determined with 
the aid of off-resonance and selective decoupling 
techniques, and simple additivity relationships. 

In the following discussion we will be concerned 
with the effect of substituents X on the y-carbon in the 
fragment X-C-C sine More specifically, we will 


B 


investigate the effect of the substituents OH and CH, on 


3 
the antiperiplanar y-carbons in decalin systems. 
Examination of the angular methyl ude shieldings in the 
compounds shown in Figure 6 will demonstrate the pronounced 
deshielding caused by an antiperiplanar hydroxyl group. 

In 3 the angular methyl carbon is deshielded iby 4.7 

ppm. relative: to 10-methyl-trans—decalin (43) .)) The 

angular methyl carbon of 2 is deshielded by 4.6 ppm if 

we assume the 4a-methyl group has little effect on the 
shielding of the angular methyl group. Similarly, the 
angular methyl carbons of 45 and 1 exhibit a deshielding 

of 4.4 and 4.5 ppm respectively, by substitution. of a 
5a-hydroxyl group relative to 44. Decalone 47 also 

shows a rather large antiperiplanar y effect of 5.9 ppm 

at the angular methyl carbon in relation to decalone 46. 


“the 13 car spectra were measured and assigned by 


Professor J.B. Stothers and co-workers at the University 
of Western Ontario. The details of the signal assignments 
are discussed in reference lic. 
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Angular methyl shieldings (ppm) of some 


10-methyl-trans-decalins (taken from ref. 
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It is interesting to note that the deshielding effect 
is markedly attenuated if a second hydroxyl group is 
vicinal to the 5a-hydroxyl. Substitution of a 
5a-hydroxyl on 48 leads to only a 1.5 ppm deshielding in 
tne dior 49.. The origin, of che attenuation by a vicinal 
hydroxyl is not known but is substantiated in steroidal 
ae di ots. It is important to recognize that in the 
examples discussed above, the hydroxyl substituent is 
tertiary and the intervening a- and §-carbons in the 
fragment X-C-C-C are quaternary. It has been reported 
that in less highly substituted systems, antiperiplanar 
carbons to oxygen show an opposite shielding Peeect | 

Some 10-methyl-cis-decalins were also examined. 
Examples 4, 18, 22, 51, and 52 illustrated in Figure 7 
show the expected upfield shift (~6 ppm) at the angular 
methyl carbon when y gauche to a hydroxyl group, as 
compared to the parent system 50. 

The degree of substitution of the intervening carbons 
in the fragment X-C-C-C greatly influences the nature of 
the antiperiplanar y effect. This is illustrated by 
Mee ve ching. datalfox aa) sea mea) and apiueccd ain 
Table 1. The la-hydroxyl in 54 deshields the angular 
methyl carbon by 4.3 ppm relative to 53. This pronounced 
deshielding antiperiplanar y effect is transmitted through 
fully substituted carbons. Decalol 55 however exhibits 


only a 0.4 ppm deshielding of the angular methyl carbon 
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Figure 7. Angular methyl shieldings (ppm) of some 
10-methyl-cis-decalins (taken ET Om= mete Vom 
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relative to 43... The drastwe acbenuation of; the 
deshielding effect in 55 is due to the vcertlary, nature 
of the a-carbon. 

So far we have only discussed the antiperiplanar 
effect of hydroxyl substituents on methyl carbons. The 
effect of hydroxyls on antiperiplanar methylene and 
methine carbons will now be examined. In less highly 
substituted decalin fragments where the hydroxyl is not 
bonded to a quaternary carbon the antiperiplanar effect 
is shielding. (This effect is in agreement with the 
results observed by Eliel and Be iieagues: for cyclohexane 
and norbornane systems.) For example, the 78-decalol 
56 (see Table 1) shows an upfield rife shielding on the 
antiperiplanar C-5 and c-9 of -2.7 and -2.1 ppm 
respectively with respect to decalin 43. Similarly 
78-decalol 57 shows C-5 methine and C-9 methylene 
shieldings of -2.5 and -1.9 ppm respectively in relation 
to decalin 53. In contrast, decalin systems in which 
the hydroxyl substituent is attached to a fully | 
substituted carbon show an antiperiplanar deshielding 
effect. Assuming the 78-hydroxyl of 58 has He influence 
on the C-3 methylene shielding, we can compare 58 with 
18-decalol 59. Thus the antiperiplanar C-3 of Does 
deshielded by 2-6 ppm by hydroxyl substitution ae. Cel. 


Note that in the less highly substituted 1g-decalol 60, 


c-3 is shielded by -2.8 ppm relative to 43. 
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Hydroxyl substituents also have a deshielding effect 
on antiperiplanar quaternary carbons in decalin systems 
(see Table 2). The 8a-hydroxyl substituent in 45 deshields 
the quaternary C-10 by 0.8 ppm relative to the parent 
compound 3. Furthermore, C-10 in decalol 1 is deshielded 
bye lsstppmean relation toyz.) Though the observed 
deshieldings are small, it should be noted that the 
a-carbon is not fully substituted. Similar model 
compounds with quaternary a-carbons were not available 
for 13 omr analysis. It appears that for antiperiplanar 
quaternary carbons, the carbon attached to hydroxyl 
need not be fully substituted for a deshielding effect, 
unlike antiperiplanar methylene and methine carbons. 

Note that in compounds 45 and 1, the C-6 methylenes are 
in fact shielded by -1.0 and -0.7 ppm respectively, 
relative to their corresponding parent decalins 3 and 2. 

In the antiperiplanar fragment X-C-C-C where X is 
methyl we observe deshielding effects less pronounced 
than in the case of hydroxyl substituted decalins (see 
Table 1). For example, the antiperiplanar angular methyl 
Garbon tin es8yis deshielded by 2.8 ppm by the la-methyl 
relative to 56. Similarly, the angular methyl carbon 
in SIMs deshielded by 2.4 ppm in comparison to decalin 
60. Methyl substituents also deshield antiperiplanar 
methine carbons. “In compounds 53, 54, and 57, 'C-5 1s 


deshielded by 1.2, 1.0, and 1.4 ppm respectively, relative 
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to the corresponding parent compounds 43, 55, and 56. 
It is interesting that in the above methyl and methine 
shieldings the degree of substitution of the a-carbon 
attached to the methyl substituent does not influence 
the antiperiplanar y effect as is the case for hydroxyl 
substituents. 

However the C-3 methylene carbons of compounds 53, 
597 and ?54*are “influenced by “the degree of substitution 
of the a-carbon. In compounds 53 and 57 which have 
tertiary a-carbons the antiperiplanar C-3 is not shifted 
relative to compounds 43 and 56 respectively. But in 
compound 54 with a quaternary a-carbon the 18-methyl 
deshields the C-3 methylene by 1.7 ppm relative to 
compound 55. 

Methyl substitution also has a small deshielding 
influence on antiperiplanar quaternary carbons as 
indicated by compounds 1 and 2 (see Table 2). The 
4da-methyl substituents in 1 and 2 deshield the 
antiperiplanar C-10 by 1.2 and 0.5 ppm respectively in 
comparison to the parent compounds 45 and 3. 

The origin of the antiperiplanar effect in 5a-hydroxy 
steroids has been suggested: to arise from flattening 
of rings A and B to relieve steric interactions upon 
Sa-substitution thereby reducing the y gauche effects of 
the methylene groups at the angular methyl group and 


: lb 
decreasing its shielding. However in cholestan-3-ones, 
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a 5a-methyl substituent has a deshielding effect of 

2.7 ppm whereas the small 5a-fluoro substituent has a 
larger effect of 4.4 ppm. Clearly steric interactions 
cannot be the only effects operating here. Electronic 
perturbations could be operative in the antiperiplanar 

y effect. However it is difficult to explain the sign 
reversal of the shielding when comparing fully substituted 
and less highly substituted systems. Alternatively, 

Eliel and poo or ker ca favor a hyperconjugative mechanism 
to account for the shielding effect in less highly 
substituted systems. The electron pairs on the heteroatom 
substituent are proposed to interact hyperconjugatively 


with the Cae bond thereby increasing electron density 


B 
at the antiperiplanar y-carbon and causing an upfield 
shift. This explanation fails in fully substituted 
decalol fragments where a pronounced deshielding 
antiperiplanar y effect is observed. A satisfactory 
explanation of the antiperiplanar y effect has not yet 
been developed. 

In summary, a number of tentative generalizations 
can be formulated based on the empirical Sides 
presented here for decalin systems. 

(1) Hydroxyl groups deshield antiperiplanar 

methyl carbons in fully substituted systems 


by ~4-5 ppm. This effect is attenuated 


in less highly substituted systems. 
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Hydroxyl groups deshield antiperiplanar 
methylene and methine carbons if the 
a-carbon is quaternary. 

Hydroxyl groups shield antiperiplanar 
methylene and methine carbons if the 
a-carbon is not quaternary. 

Hydroxyl groups deshield antiperiplanar 
quaternary carbons slightly if the a-carbon 
is tertiary. 

Methyl groups deshield antiperiplanar 
methyl, methylene, methine, and quaternary 
carbons if at least one of the intervening 
a- or ®-carbons is: quaternary.. The 
deshielding effect is generally less 


pronounced than for hydroxyl substituents. 


The overall trend of the antiperiplanar y effect in going 


from fully substituted fragments X-C-C-C to less highly 


substituted systems is that of an attenuating deshielding 


effect to an opposite shielding effect. Asa result of 


this y-antiperiplanar effect, it is not always possible 


to distinguish cis-decalins from trans-decalins on the 


basis of the shift of the 10-methyl carbon. 
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Mass spectra were recorded on an A.E.I. MS-9 or 
MS-12 mass spectrometer and are reported as m/e 
(relative intensity). Unless diagnostically significant 
only peaks at least 20% as intense as the base peak are 
reported. Infrared spectra were recorded on a Unicam 
SP1000 or a Perkin Elmer model 421 dual grating 
spectrophotometer. Proton magnetic resonance spectra 
were measured on Varian A-56/60 A or HA-100 spectrometers 
with TMS as internal standard. Carbon magnetic 
resonance spectra were measured on a Varian D4 rag RO LOSS US) 
system. All compounds were examined as 5-103 (w/v) 
solutions in deuteriochloroform using TMS as an internal 
reference. The precision of the Ac shielding data is 
judged to be +0.05 ppm. Melting points were recorded 
on a Fisher-Johns melting point apparatus and are 
uncorrected. 

Preparative tlc was carried out on 0.75 mm layers 
of silica gel G (W. Merck, Darmstadt) containing 1% 
electronic phosphor (General Electric, Cleveland), and 
materials were detected by spraying with S02 sulruric 
acid and charring. Gas chromatography was carried out 
with an Aerograph model A-90-P3 chromatograph. 


Skellysolve B refers to Skelly Oil Company light 


petroleum, bp 62-70°C. 
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108-Methy1-48,5a-dihydroxydecalin, 17 


To a stirred suspension of the epimeric epoxydecalins 
9 and 10 (660 mg, 4.0 mmole), prepared according to 
Marshali and qGcheeetren i in acetone (35 ml) was added 
7% aqueous perchloric acid (1.2 mij. “After 
stirring at room temperature for 20 h, the mixture was 
concentrated under euere pressure. The residue was 
poured into water and extracted with ernere(2x)i.) ine 
combined ethereal extracts were washed with water, dried, 
and concentrated under reduced pressure to give a 
colorless oil (538 mg). Recrystallization from chloroform 
gave the white crystalline diol 17, mp 120-121° (344 mg, 
67% yield based on the estimated 107 30mtuans Cis _ ratio 
of isomers 9 and 10 in the starting epoxide mixture). 
Preparative tlc (pentane/ether, eZ) On sche mother 
liguors afforded an additional siamg, Of li, Rp OR5Ss, 


giving a total yield of 73%. 


IR(CC1l,): 3630, 1460) ol 450; ioe0 a Eba0ye 1065). 900 ei 


lym (CDC1,): 63-52 (t, 1, J = 13 Hz, H-4), 1.23 os. 
: : y , H f 

CH); (CgD,N): 61.60 (s, 3, CH) 

MS: m/e calcd. for Cy F992? 184.1463, 

Pee gi 169 (20) VOGT) eens euch O yall 29), 

Vegi), 9748), 70152), 67 ea) 552043 (26) 0 41 (3a), 

ANALYSIS: Calcd. LOL C1 45 9°2' CLT LS 05.40 10.94; 


found: Cu7l./2,.H 10.362 
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108-Methy1-40a,58-dihydroxydecalin, 18 


The preparative tlc of the mother liquors described 
in the experimental of 17 also gave a colorless oil 
(53° mq), Re 0.2. The material was again subjected to 
preparative tlc (pentane/ether, 1:2, triple elution) to 
yield a colorless oil (35 mg) whicn subsequently 
crystallized. Recrystallization from Skellysolve B gave 
a white crystalline solid, mp 71-72° (15 mg). 
IR(CC1,): 8600; 1475 sll 2ourieoo LoD, L075. (1045, 


990 cane 


LumR(CDC1,): 63.86 (m, Wj = 16 Hz, H-4), 0.96 (s, 3, CH); 
2 

(CDN): Od h AS ou CH,)- 

MS: m/e calcd. for Cy F992? 184.1463, 

Pend) L646 1 462619 oo ton roi oo yy site (6) 3 DI2C100)), 


97(40), 70(43), 67(30), 55(44), 43(46), 41(53). 


108-Methy1-5a-hydroxy-48-acetoxydecalin 


A solution of 17 (40 mg) in pyridine (0.5 ml) and 
acetic anhydride (0.5 ml) was allowed to stand at room 
temperature for 1 day. The solution was then poured into 
water and extracted with ether (2x). The combined 
ethereal extracts were washed with water (2x), dried 


(MgSO and concentrated under reduced pressure to give 


ra 
a white solid (45 mg) homogeneous by tlc (pentane/ether, 


Dee ey Re 0.6. An analytical sample, mp 85-86° was 
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obtained by sublimation (60°/0.05 torr). 


IR(CHC1,): 36204 S20, 307 460, 137077) 12707 ko, 


965 carey 


“HMR (CDC1.) + S40 Sele CE MRL Ee woe iz aH 4 yw 2k O6u (sy h3) 


ORC) peli ko LS. 3, CH3); (C,H_N) : Gl 2i8. (S033), CH). 


MS-s im /encalca.. Lor Cy 345203: 2262 L569), 


ound <9) 22621562 (18) wl Sst 3) 66 (38) 1120100), 95(20), 
Saez 07 (26), 55(34),43 (92)5) 41144) . 

DNWAT ots: Calcd., Lox C1 392293? Gz6609.9) Hr 91807 

founea: | C69 .'36, H 9.86. 


108-Methy1-40,5a-epoxydecalin, 9 


Tovrdvol 17. (34-mg, 70ers mmole) in pyridine (3 ml) 

was added mesyl chloride (0.5 ml, 6.5 mmole) and the 
resulting solution was allowed to standvat -15° for 1S h- 
The resultant yellow reaction mixture was diluted with 

% aqueous KOH and extracted with pentane C2s)eee Loe 
combined pentane extracts were washed with water (5x), 
dried (MgSO,), and the solvent was removed by distillation. 
Preparative tlc (pentane/ether, 2:1) gave the epoxide 
9 (~20 mg, 67%), Re Ochi | 


IR(CDC1,) : 1435, 1240, .11457 1040),<830 cm 
1 


th 


HMR(CDC1,) : 62290" (ty gee Une A ees, 
ov CH3)- 
MS: m/e calcd. for C134189? 16651358, 


found: 166.1362 (6), 112(9),) 86 (63), 84(100), 47(26). 
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108-Methyl-S5a-hydroxydecalin, 3 


The epoxydecalin 9 (15 mg, 0.09 mmole) in anhydrous 
ether (2 ml) was added dropwise to a stirred 0.5 M 


Solution: Of LiAlH, (O.2emiGns0euemnole) at 0. and asturred 


for 2h under a nitrogen atmosphere. Water (0.5 ml), 1N 


aqueous NaOH (0.5 ml), and water (1 ml) was added 
successively, followed by ether extraction (2x). | The 
combined ethereal extracts were dried (MgSO,), and the 
solvent was removed by distillation to give 3 (15 mg, 


TOO). 


Teccrimyee 3490, 1450,7 19707;041170, 1005, 245, 880 em. 


3 


HMR(CDC1,): 612038. (Se Spach (C,D.N): Oi 037 (si413% 


3) 
CH). 


Mo a m/ercalcd. for. 168.1514, 


117207" 
Peer ESS 7) 112 (ee ae hieng46) 99109025), 105 (22), 
97(28), 95(29), 93(20), 85(25), 83(43), 81(52), 74(28), 
71(35), 69(100), 67(33), 59(52), 57(70), 55(68), 45(66), 


AS (59) 41079). 


4,108-Dimethy1-4,5-epoxy-3-decalones, PES \s Vp 38) 
Wl oe eee, SO See eee = 


SS 


17 
To a rapidly stirred solution Of octalone 24 


(13.3 g) in methanol (300 ml) at 0° were added 30% H,0, 
(24.0 ml) and 4 N aqueous Neon (ll.6 ml) dropwise, and 
simultaneously. The solution was allowed to stand at 


-5° for 1 day and then was Stirred at .Oom cemperalure 
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for 3 days. The resulting mixture was then poured into 
water and extracted with ether (3x). The combined 
ethereal extracts were washed with water, dried (MgSO,), 
and concentrated under reduced pressure to give epoxide 
mixturer 25a;~b!) (12.3119, 085%) which was: purified» by 
Gistilbations:(90-9G3/letorr). Epoxides 25a and 25b 
were estimated by Lim to. berlin. a ratio of 55:45 
respectively. 
muctiim) > a2710, 1445) 1410) 2375, 1340, 1280,..1090, 


hozoyea020, 905; 875,.850.cmi: 


*HMR (CDC1,) : 61.42 (s, 25b C-4 CH,), 1.37 (s, 25a C-4 
Bre 200 (2; 25 C-10 cH) ietion (5/4222 )C- 10 CH). 
MS: m/e calcd. for C1281 3°? £94 51307., 

Pte ae 0790130617). Dea IZON MOON LOO) 82 (25), 
Brag 5527) 4357) aoe). 


ANALYSIS: .caled., for C GODS BYES ey sl Sg ry 


123 1ere 
Poundee (Co73. 87) Hoes. 


Wharton Reaction of Epoxydecalones 25a, b 
1D SES PTE Sa aR SR ee wire: nd ec PSE LES EO 9 AE ae erent ee 


To a solution of epoxydecalones 25a, b (480 mg) in 
methanol (15 mg) was added glacial acetic acid,(0.5 ml) 
and hydrazine hydrate (1.0 ml). After standing at room 
temperature for 2.5 h, the yellow reaction mixture was 
poured into water and extracted with ether (2x). The 


combined ethereal extracts were then washed with 1N HCl 
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and saturated NaHCO, solutions, dried (MgSO,), and the 
solvents were removed by distillation. Preparative 
Ber CLO) Bri. 1x $ in. stainless steel column packed with 
5% Carbowax 20M on 80/100 Chromosorb W) of the crude 
products gave 4,10-dimethy1-3,5-hexalin (28, ~15% yield 


from crude the products). 


Uy (CH. OR)” DX ow 2a20 mM. 

3 max 
Ppeiimi: 2680, 1450,)/1430, 1365, 1330, 1070, 990, 
935, 875, 820 cm. 


lym (CDC1,): 65.54 (apparent bad, 1, J = 7.5, 3.5 Hz, 


H-6), 5.50 (m, 1, Wy = 9 Hz, H-3), 2-12 (m, 4, Wy = 14 Hz, 
H-2, H-7), 1.76 (apparent gq, 3, J = 1.5 Hz, C-4 CH), 
O96 1S 725 C—O CH3)- 
MS: m/e calcd. for Ci2F 18: 162.1409, 
Pounas 16221411153) Lae O0) ee Os CAL), 105(65), 
9341) 0156), 19(38)% Titobie G7( 23), 435130), 42448), 
39 (30). 

The above preparative gc of the crude products 
gave a very small amount of 26. Preparative tlc 
(pentane/ether, 2:1) of the crude products gave diene 28 
and 4,10B-dimethyl-5a-hydroxy-3-octalin (26, ~45% yield 
from the crude products). The spectral data for 26 is 


given below. 


IR(CHC1,): 3610, 16555 (L450 ,feb 3 io, 2020, 940, 


905 cm -. 


eat he ir: 


apa ta a 
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1 


HMR(CDC1.,): 65.43 “tm, DT, W. = 8 Hz,~R=-3), 2-83 (m, 2, 


4 
Wy, = 13 Hz, H-2), 1.73 (apparent q, 3, J = 2 Hz, Cc-4 CH), 
Peo CS 345. CH LO CH3)- 

MS: m/e calcd. for C1245 99: 180.1514, 

Poa «PAO. 1517 (63). -b78it25) 7) 265(27),,. 163(25)% 123'(100), 
mae 25) , 209.31), 95027), SL@2), s5(20), 82 (25) 7) S6L 23), 


Grety, 57 (22), 55 (38), 743440) 7 41(40). 


108-Methy1-4,5-epoxy-3-decalone Oximes, 3la, b 
fetes We Se ge hg ate ee ee 


To a stirred solution of epoxy ketones 30a, pre 


(1.80 g, 0.010 mole) in methanol (8 ml) at 0° was added 
sodium acetate (1.80 g, 0.022 mole) and hydroxylamine 
hydrochloride (0.76 g, 0.011 moLe) oe eaAtcer stirrang-at 0” 
for 40 min, the white reaction mixture was poured into 
water and extracted with ether (3x). The combined ethereal 
extracts were washed with water (2x), saturated NaHCO, 
solution (2x), and water (2x); dried (MgSO,)i and 
concentrated under reduced pressure to give 108-methy1l- 
4a, 5a-epoxy-3-decalone oxime (31a) and 108-methy1-48-58- 
epoxy-3-decalone oxime (31b) as an oil (1.96 g, 100%) 

in a ratio of 1:2 respectively. 

IR(CHC1,): 3600, 3340, 1460(b), 1380, 1110, Oo SOU, 
865 cm -. 


lyme (CDC1,): 64-10, 3.36 (s, 31a H-4),' 3.90, 
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MS: m/e calcd. for C,,H,7NO.,: 


Poundiek 0 511263132 )cpelleteul 2) oo. (39) yn 6.60,(39) 7. LAS (54), 


1s 29, 


Ne 2p al 005 (99:) 7 O74) ae ObiGad ee 95)( 211 eon 23133), 69132 ):, 
UGS eb OAS eal (42S) eon (LOUD eae 0 (2.6) 4% 55('/5) fp DOiGaS) , 


Aso) a ah Gl00)5, 39 CTLs) 


Treatment of Epoxy Oximes 3la, b with Lithium Dimethyl 


ceuprate 


Tova stirred. suspensions oLepuriftied Cul (1.6 g¢, 
8.4 mmole) in anhydrous ether under nitrogen was added 
Methyledathium (22.7 ml, 2.2)M in ether, 50 mmoles) 
dropwise over 20 min at 0°. The resulting tan colored 
solution was stirred at -25° and a solution of 3la, b 
(1.0 g, 5.1 mmole) in anhydrous ether (40 ml) was added 
dropwise over 15 min. After stirring for 1 h at = 255 
cold 10% acetic acid (60 ml) was added. The mixture was 
filtered and the organic layer was washed with saturated 
NaHCO, solution (2x) and water, dried (MgSO,), and 
concentrated under reduced pressure to Giveran oil ((0-770¢)!. 


Infrared, limr, and tlc indicated the presence of 


predominantly starting material. 
40, 108-Dimethy1-5a-hydroxy-3-decalone, 34 
Bl ee i eae ee 


Liquid ammonia (70 ml) was dastilled through sa. Naok 
drying tube into a dry flask containing the epoxydecalones 


5am om. t4) a)... Lirthaum (0.2 g) was added in pieces to 
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the stirred solution. After 6 h excess ammonium chloride 
was added and the ammonia allowed to evaporate. Water 
was added to the residue and the mixture was extracted 
with ether. The combined ethereal extracts were then 
Ur with water, dried (MgSO,), and concentrated under 
reduced pressure to give a viscous oil (1.06 g) which 


subsequently crystallized. The solid was recrystallized 
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from Skellysolve B to give 34 as white crystals, mp 109-110° 


(Os380eq7 (53% From i25a). 


IR(CHC1,): 3620, 35301 715, 21460:2913807 .1350, 1010, 960, 


940, 885 cm ?. 


1 


HMR (CDC1,): 62.6b (q, 2, oh = THZy 1H-4).) 252-4 (mp7 pGhe 2a), 


meOSe(ddda, 1, J =12:5)51225) 6eH2z7 B-26).,.b- 28 (Si See LO 


CH,), 0599 (djcs; Jc @ Ha, Ca4 CH3); (C.D,N) : oe. 26 Ay 


Jenne Hz, C-4 CH,), Raa Ss pyS yea Le CH,)- 
MS: m/e 196(19), 112(100), 97(22), Ss A ae ELPA U8 Te 
ANALYSIS: calcd. for C3249 9°2? Clo. 45,) 110.27); 


found: C 73.72, H 10.44. 
4a, 108-Dimethy1-5a-hydroxy-3-decalone Thioacetal, 42 
ST 


The hydroxydecalone 34 (215 mg) was dissolved in 


glacial acetic acid (15 ml) and immediately 1,2-ethanedithiol 


(1.0 ml) and boron trifluoride etherate (0.10 ml) were 
added successively. After standing at room temperature 


for 15 min, the resulting solution was quickly worked-up 
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by dilution with brine and extraction with ether (2%))?. 
The combined ethereal extracts were then washed with 4 N 
NaOH and water, dried (MgSO,), and concentrated under 
reduced pressure to yield the white crystalline 42 
(287 mg, 97%), homogeneous by tlc. An analytical sample, 
mp 95-96° was obtained by recrystallization from 
Skellysolve B. 


IR(CHC1,): Bel0:, 3500, 9 1459, Lasoo oo, S90 om +, 


Lyme (CDCL,): 63.17 (m, 4, S-CHjCH)-S), 1.12 (4, 3, 


J = 6 Hz, C-4 CH3), LOT Gy toms ca LO CH3)- 


MS: m/e calcd. for Cy Hy 49S): 


found: 272.1268(59), 254(56) ; 225(49), 132458), WE2 (100); 


272612668 , 


55 (45). 
ANAGLYS©S: calcd. £or. C1 4B 482? GEOG Hee «oo; 


found: C 61.71, H 8.78. 


(+)-Geosmin, 2 


Thioacetal 42 (92 mg), W-2 Raney~nickel (2°7g)\,, ana 
absolute ethanol (10 ml) were stirred at room temperature 
for 1.5 h and then refluxed for 2 h. Additional Raney- 
nickel (1 g) was added and heating at reflux was continued 
further for 2 h. The mixture was then cooled, filtered, 
diluted with water, and extracted with pentane (3x). The 
combined organic layers were washed with saturated brine, 
dried (MgSO,), and solvents removed by distillation to 
yield the colorless liquid geosmin (2) (62 mg, 100%), 


homogeneous by gc- On standing at 0° the liquid geosmin 
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crystallized, mp 78-82°. The spectroscopic data (ir, Liomr, 
ms) obtained for synthetic geosmin is identical with an 
authentic sample. 


IR(CCl,): 3640),. 3520, 1146000 1450,,, 1330), 1180, 950, 


Bes icmes . 


“HMR (CDC1.,) : Sis Odi Men Spe LONER). G297 (dy 940.) 60H2)y 


(C.D_N) : Gute O40NCS bai G CH,), 0293 ide 3 tO = © HZ. 
MS) m/e calcd. for Cj 2H 20: 18221670, 
founda: 182.1667(10), 164(1), 149(4), 112(100). 
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